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A study was conducted to determine effects of year and season on diet quality
of beef cattle grazing northern Great Basin rangelands from 1990 to 1993. Forage
quality was high early in the growing season , then declined as seasons progressed
(P<.05). Plant chemical composition was higher early in the growing season in 1992
and 1993 (P<.05). Later in the season, quality was higher in 1990 and 1991 (P<.05).
Changes in precipitation amount and distribution and variations in temperature between
years were determined to be the primary factors affecting yearly changes in diet quality.
Research addressing the potential of winter grazing as a grazing management
plan in the northern Great Basin was conducted during the winters of 1991-92 and
1992-93. Feeding 2 kg/d of alfalfa hay or pellets on a daily or alternate day (4 kg) basis
did not affect cow or calf performance, intake, digestibility or grazing behavior
(P>.10). Intake, digestibility, diet quality and time spent grazing estimates decreased in
period 2 (mid-January) versus period 1 (early December). Cow performance was
lower the first 28 days of the study (P<.05), improved by day 56, then declined again at
day 70 (P<.05).
Animal response to winter environmental conditions were estimated during the
winter of 1992-93. Moving from a grazing to a hay-feeding situation increased forage
intake, digestibility and digesta kinetics (P<.05), while reducing grazing behavior
(P<.05). Cow body weight increased and body condition decreased as the study
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 Nutritional and Managerial Considerations for Wintering Beef Cattle in 
the Northern Great Basin 
Chapter I. Introduction 
Historically, cattle grazing in the western United States was a year-round 
enterprise. Cattle remained on the range during the winter, in spite of the presence 
of low-quality feed and adverse environmental conditions. Minimal cattle 
management was practiced, and animals were free to wander over extensive areas. 
Over time, excessive stocking rates led to a reduction in forage availability. This, 
coupled with the severe winters of 1886-87 and 1889-90, marked the abandonment 
of open ranges and year-round grazing. Some areas of northern Nevada experienced 
95% death losses (Stoddard et al., 1975). 
Current grazing management programs in the northern Great Basin region 
involve cattle grazing native range from spring through mid-autumn, at which time 
the animals are moved to native meadows in the valleys and basins, where they are 
fed hay during the winter months. Following the initiation of spring growth, animals 
are then moved back onto the rangelands. However, this program is not without its 
drawbacks. The production of sufficient quantities of hay to enable livestock to 
survive the long, cold winters common to this region requires a great deal of time, 
labor and capital (Bates et al., 1990). Expensive haying and farming equipment must 
be purchased or rented, fuel purchased, and crews hired. Much of this hay is 
produced from native, flood-irrigated meadows or cultivated, irrigated alfalfa fields; 
thus, some of the most productive land on many ranches is tied up with hay 
production. This reduces the potential for overall ranch productivity and flexibility 
(Young and Evans, 1984). Overuse and damage to pastures used for winter feeding 
may result, especially if conditions are damp. In some regions of the West, such as 
the Grande Ronde valley in northeastern Oregon, competition between cattle and big 
game species such as elk and deer are common during the winter months. During 2 
times of drought, hay production may be severely limited without extensive irrigation 
- during these times, producers may have to purchase hay, which leads to increased 
costs. 
Use of native rangelands, most of which is federally owned, is coming under 
increased scrutiny. Currently, more and more groups and organizations are 
becoming involved in the planning and decision-making processes regarding the use 
of public lands. Federal land management agencies, such as the Bureau of Land 
Management and the U.S. Forest Service, have adopted a land management policy 
known as multiple use management. This policy involves managing resources and 
lands for more than one purpose (Society for Range Management, 1974). 
Implementation of rules and regulations concerning biodiversity of rangelands may 
also impact private land owners (West, 1993). Current actions by several 
environmental agencies to limit logging and grazing on forest lands and remove 
livestock from sagebrush-bunchgrass rangelands are only the opening salvos in the 
battle for use of public lands. Land management agencies and livestock producers 
who utilize public lands as a forage source for their operations are coming under 
increased pressure to minimize the impact of grazing livestock on the range resource 
itself and on other users of public lands. These producers must also take action to 
improve the productivity and profitable use of their private lands, in the event that 
legislative action (such as raising grazing fees) forces them off public lands. One way 
in which livestock operators may be able to improve the flexibility, productivity and 
profitability of their operation is to modify their existing grazing management plan. 
A return to winter grazing, in lieu of hay feeding, could free hay land for 
other use, as well as add flexibility to ranching operations (Young and Evans, 1984). 
This program differs from commonly-used grazing programs in that cattle graze 
native meadow forage in the fall, then are returned to graze native range during the 
winter months. Calving may take place either on the range, or animals may be 3 
returned to ranch headquarters. This program has been shown to be economically 
advantageous, due to the large reduction in winter feed costs, which are the major 
costs incurred on many ranching operations in the western U.S. (Bates et al., 1990). 
Winter grazing programs may also enhance range condition and productivity, since 
animals are grazing range forage at a time of plant dormancy, thereby having little 
effect on its subsequent growth and production (Barrett, 1985; Miller et al., 1986). 
This program should also fit into the multiple use management programs, since cattle 
are using the range resource at a time when other demands for its use are minimal. 
However, this program is by no means perfect. Adverse winter weather conditions 
and low-quality forage are two very important factors governing the success of this 
program. Increased energy requirements during cold weather, coupled with reduced 
grazing activity and forage intake, frequently cause significant reductions in animal 
performance. Improved knowledge of the grazing animal's response to winter 
weather could enable livestock producers to better cope with periods of extreme 
winter conditions. Consumption of dormant range forage of low quality can further 
reduce animal performance. Enhancing the utilization of the forage resource, either 
through supplementation practices or possible forage quantity or quality 
manipulation, would improve the nutritional status and performance of the grazing 
animal. Renewed interest in winter grazing as an economically and ecologically 
advantageous grazing program in the northern Great Basin has prompted research 
investigations into the opportunities and limitations of winter grazing; however, 
much work remains to be done. 
In the following thesis, a literature review is dedicated to describing forage, 
livestock, environmental and management characteristics related to beef cattle 
production in the northern Great Basin. The research projects which follow 
evaluate: a) alfalfa supplementation of winter grazing beef cattle; b) effects of early 4 
spring grazing of rangelands used in winter grazing programs; c) environmental 
influences on beef cattle nutrition, physiology and performance, and d) year and 
season effects on diet quality of grazing beef cattle. 5 
Chapter 2. Review of Literature 
Part 1. History and Importance of Ruminants 
Development of Ruminants 
Ruminants originated in the Eocene period, about 40 million years ago. 
Their appearance coincided with the spread of a plant form known as angiosperms 
(flowering plants), which quickly became the dominant form of terrestrial plants (Van 
Soest, 1982). Ruminants became dominant during the Miocene period (25 million 
years ago), about the same time as the appearance of large grasslands. The cooler, 
drier climate of the Miocene period fostered grasslands comprised of less 
differentiated forage plants of a higher quality for animals possessing the ability to 
digest and utilize cellulose. Cellulose was a readily available energy source; 
however, the use of this carbohydrate requires extensive digestion. Ruminant 
animals may have evolved their unique digestive system in order to take advantage of 
a feedstuff for which they would have little competition. The development of 
rumination may also have been linked to a less selective feeding behavior (Van Soest, 
1982). This would allow animals to utilize a wide range of forage types, reduce the 
time and effort spent searching for food, and expand the animal's range. This process 
may also have evolved as a method to detoxify secondary plant substances, thereby 
increasing the dietary options and adaptation of the animal. Other possible 
evolutionary mechanisms involved include: provision of B-vitamins and amino acids 
(AA) from rumen microorganisms (Van Soest, 1982), and allowing animals to forage 
at a time of day when the possibility of predation is reduced, then retreat to a safe 
area to further digest the feedstuff. In any instance, it is the ability of the ruminant to 
utilize fiber which separates it from other species of animal. 6 
Importance of Ruminants 
Of the various herbivorous species, ruminants are by far the most important, 
in terms of numbers of mammals existing today (Church, 1988). Recent estimates 
(1983) indicate about one billion head of cattle and buffalo and 650 million head of 
sheep populate the earth. Approximately 99 million head of cattle are in the United 
States (USDA, 1990). Ruminants play a major role in supplying food for mankind. 
Animal products supply three-fourths of the protein, one-third of the energy, most of 
the Ca and P and substantial amounts of vitamins and minerals in the American diet 
(Pond et al., 1980). Worldwide, 44% of the total meat supply (red meat and poultry) 
is accounted for by ruminant meat sources (Church, 1988). In addition, wild 
ruminants such as deer and elk contribute to the food supply and add value through 
the recreational sports of hunting, hiking and photography. Ruminants contribute, in 
form of red meat, >30% of animal products consumed by Americans (USDA, 1983). 
In addition to meat, ruminants provide milk, milk products (cheese), wool, mohair, 
leather, fats, soaps, and other byproducts for use by humans.  Cattle, buffalo and 
camels are still used as sources of power or transportation in some underdeveloped 
countries. 
Ruminants are extremely important to the human race because these animals 
are capable of harvesting vegetation from lands which cannot support cultivated crop 
production. Ruminants take an energy source unavailable for direct human use 
(coarse, fibrous plant materials) and convert it to products useful to man (meat, milk, 
wool). The basis for this ability to utilize plant fiber is the symbiotic relationship 
between the host animal and the population of microbes (bacteria, protozoa, fungi) 
existing in the first two compartments (reticulum and rumen) of the ruminant's four-
chambered stomach. These compartments provide an ideal environment for 
microorganisms to grow and reproduce. Environmental conditions in the rumen, 
such as pH, water, the lack of oxygen and a constant temperature promote microbial 7 
growth. Microbes, in turn, provide fiber breakdown and digestion, assimilate non­
protein nitrogen (NPN) into microbial cell protein, and provide a source of B-
vitamins. The host animal utilizes the end-products of microbial fermentation and, in 
the end, the microbes themselves. The ruminant provides the ideal environment, and 
the microbes give the ruminant the ability to subsist on fibrous diets. 
Of the approximately 14 billion hectares of land on earth, only about 10%,  or 
1.4 billion hectares, is currently under cultivation (FAO, 1982). Forested lands cover 
30% of the land, while 40% is comprised of rangeland, which is more suitable to 
grazing. Land resources presently receiving grazing by domestic animals account for 
about 50% of the world's land area; however, if all the uncultivated land with the 
potential to support domestic ruminant grazing is considered, rangelands comprise 
approximately 70% of the world's land area (Holechek et al., 1989). Rangelands in 
the U.S. provide approximately 60% of the total feed needs of domestic ruminants. 
On a worldwide basis, this contribution increases to 70% of the feed supply 
(Holechek et al., 1989). The worldwide human population continues to increase at a 
rate of approximately 1.8% per year, with the 1985 population totalling 4.8 billion 
people (USDA, 1986). With this expanding population, the need for more food will 
continue to grow, and lands suitable for cultivation will be used to produce crops 
that are intended for human consumption (Stoddard et al., 1975). This will initiate a 
shift away from feeding grains to animals and move toward increased use of forages 
and rangelands. Some researchers suggest that currently, rangelands are being used 
at only a fraction (<25%) of their potential (Griffith, 1978; Krueger, 1984); thus, the 
resource is available to increase ruminant livestock production. However, increases 
in human population will put an increased strain on rangelands, especially in 
developing countries where rangeland acres have declined due to conversion to 
cropland (Holechek et al., 1989). Range management/grazing management will play 
a very key role in the future of animal agriculture (and agriculture in general). 8 
In addition to the potential for increasing the use and productivity of existing 
rangelands, other feed resources may be available for domestic livestock. These 
include residues from forests and crop aftermath, such as wheat straw and corn stalks 
(NRC, 1983). Males (1978) stated that if one-half of the crop aftermath was 
properly supplemented and fed to beef cows, 17.5 million cows could be wintered for 
five months on wheat, barley and oat straw. This represents 50% of the total beef 
cow herd in the U.S. In the Pacific Northwest alone, over 40% more brood cows 
could be wintered on one-half of the available residue. Forest residues also offer 
potential as a feed source, although successful attempts at feeding these residues 
have involved only hardwood species (Millett et al., 1973; NRC, 1983). Further 
research and management efforts in these areas should serve to increase the feed 
resources available for domestic and wild ruminants. 
Future of ruminants 
The future of the ruminant livestock industry is still somewhat cloudy. 
Increased demand for cereal crops for human consumption will decrease the amount 
available for feeding to ruminants - this decrease may be up to 20-40% in parts of 
Africa and South America (Holechek et al., 1989). Rapidly increasing populations in 
many developing countries will hasten the conversion of rangeland to farmland. 
Current health trends, while not as extreme as in the mid to late 1980s, still 
encourage or recommend limited consumption of red meat. In the mid-1980's, the 
Crop Reduction Program (CRP), a component of the 1985 Farm Bill, helped 
promote the conversion of farmland to rangeland in the Great Plains. Much of this 
land will become available for grazing in the next two to five years; however, the 
possibility exists that once restrictions on its use are lifted, much of this land may be 
returned to crop production.  Increases in cultivated crop production will necessarily 
increase the amount of aftermath available to ruminants. Cattle and sheep will 9 
continue to be the most efficient and productive users of vast acreages of untillable 
rangeland. In many areas of the United States, cropland is being returned to range 
due to dropping water tables, higher cattle prices relative to grain prices, and 
cultivation hazards such as wind and water erosion (Holechek et al., 1989). In 
addition, advances in scientific research and grazing management should improve 
animal production and utilization of the range forage resource. 10 
Part 2. Grasslands and Rangelands 
Rangeland types 
Approximately 62% of the land area in the United States (70% of world land 
area) is comprised of rangeland, defined as potentially grazeable land (FAO, 1982). 
According to the United States Department of Agriculture (USDA; 1972,1977), 
fifteen rangeland types exist in the United States. These may be further broken down 
into four major classifications: grasslands, desert shrublands, woodlands and tundra. 
Grasslands are the most productive rangelands in terms of forage produced 
for wild and domestic animals. These lands are largely free of trees and shrubs and 
are dominated by plants in the family Gramineae (grasses). Forbs are also important 
components of these lands. Grasslands evolved under the influence of heavy grazing 
(and periodic overgrazing) by large herbivores, especially bison (Kirsch and Kruse, 
1972). Consequently, these lands are highly resistant to grazing, and will usually 
recover from overgrazing within three to ten years (Holechek et al., 1989). 
Precipitation occurs frequently over an extended period of time, and annual totals 
range from 250 to 900 mm per year. Soils are deep and highly fertile. Type of 
vegetation will depend on precipitation pattern and soil type. Frequent light rains 
retain more moisture near the soil surface, where shallow, fibrous-rooted grasses are 
better able to utilize the moisture. Clay soils also favor grasslands by retaining more 
moisture near the soil surface, while sandy soils favor shrubs; moisture penetrates 
further into the soil, where deep-rooted shrubs are better suited to utilize it. 
Principle grasslands in the U.S. include the tallgrass, shortgrass, northern mixed and 
southern mixed prairies. The tallgrass prairie extends from Texas to Canada through 
the eastern edge of the Great Plains, where higher temperatures and more 
precipitation allow greater plant growth. Warm-season grasses predominate, due 
primarily to precipitation patterns. Dominant forage species include big bluestem 11 
(Andropogon gerardii), little bluestem (Schizachyrium scoparium), indiangrass 
(Sorghastrum nutans) and switchgrass (Panicum virgatum). This range type is high 
in quality early in the growing season, but rapidly loses quality as forage maturity 
progresses and plants become dormant. The use of fire is still common in parts of 
the tallgrass prairie, in order to remove older, decadent forage and stimulate new 
plant growth. The southern mixed prairie is the most important of the western range 
types in term of livestock production (Holechek et al., 1989). This prairie is found in 
regions of lower precipitation in the southern Great Plains. Warm-season grasses of 
both the tallgrass and shortgrass varieties are common. Species occurring include 
blue grama (Bouteloua gracilis), buffalograss (Buchloe dactyloides), little bluestem, 
sideoats grama (Bouteloua curtipendula) and various threeawn species (Aristida 
spp.). The northern mixed prairie contains perhaps the greatest diversity of grasses, 
with both cool- and warm-season grasses occurring, as well as short, mid- and 
tallgrasses. Cool-season grasses, including various wheatgrasses (Agropyron spp.), 
bluegrasses (Poa spp.), and needlegrasses (Stipa spp.) predominate, although some 
warm-season grasses, such as bluestems and gramas, are important components of 
this prairie. Many shrubs, including various sagebrush (Artemisia) species, are also 
common. This grassland type is found in the northern Great Plains, from northern 
Nebraska into Canada. Less precipitation occurs here, when compared to the 
tallgrass prairie, with most of the precipitation coming as rain during the summer 
months. The region is typified by a shorter growing season, with long, severe 
winters, late spring and early fall frosts, and hot summers. The shortgrass prairie is 
found throughout the Great Plains in a region west of the tallgrass prairie and east of 
the Rocky Mountains. This area is characterized by a long growing season, cold 
winters and hot summers, and low levels of precipitation that are well distributed, 
with a large amount occurring during summer months. Plants have adapted to low 
levels of precipitation by reducing plant growth. The shorter stature of many of 12 
these plants has also evolved as a mechanism to reduce grazing pressure by large 
herbivores such as bison by making it more difficult for grazing animals to remove 
growing points and reduce plant growth (Vallentine, 1990). The climate favors 
warm-season grasses, such as blue grama and buffalograss. These grasses are of 
high nutritional quality, and retain their quality late in the growing season, thereby 
supporting a longer growing season than in many other regions. 
Woodlands found in the Intermountain region are dominated by scattered, 
low-growing trees such as pinyon pine (Pinus spp.) and western juniper (Juniperus 
occidentalis). This range type occurs as a transition zone between grasslands and 
forest, and are found mainly in areas of low-quality soils, low amounts of 
precipitation, high summer temperatures, high rates of evaporation and clear, sunny 
days. The evolution and rapid spread of these woodlands has occurred because of 
poor grazing practices, fire suppression and climatic change. Prior to these 
disturbances, pinion and juniper had only occupied rocky ridges or sites with shallow 
soils (Miller, 1994). These ranges are some of the most depleted types in the 
western U.S., with very few areas supporting good understories of grass. Juniper 
trees have a shallow, extensive rooting system that extracts large amounts of water 
from the upper portion of the soil profile, causing other plants to weaken and die off, 
due to moisture depletion. As their numbers increase, canopy cover becomes 
progressively greater; this canopy intercepts most of the rainfall that does occur, 
further damaging forage plants. Over time, extensive juniper woodlands can become 
nearly void of vegetation (Miller, 1994). 
Oak woodlands are common in the Southwest and West. These lands have 
limited value for livestock unless oak control is practiced, since excessive oak 
infestation can greatly reduce the supply of available forage (Pettit, 1979); however, 
oak woodlands are very important for wildlife such as deer, which use trees for cover 
and as a source of browse. 13 
The western coniferous forest occurs in the higher elevations and higher 
precipitation zones of the western U.S.  In the PNW, these forests are comprised 
largely of Douglas fir (Pseudotsuga menziesii) in the western areas and coastal 
ranges, with ponderosa pine (Pinus ponderosa) and aspen (Populus tremuloides) 
being prominent species in both the coastal and inland areas. Although the 
predominant use of this range type is the harvest of timber, other uses such as 
grazing and recreation are important. Grazing has been shown to be beneficial to the 
development and growth of tree seedlings, through removal of the forage and brush 
understory, thereby reducing competition with the young trees (Sharrow, 1993). 
Grazing livestock are also an economic benefit in terms of forest resources. While 
livestock grazing is secondary to timber harvest in forests of the PNW, southern pine 
forests support extensive livestock grazing and production enterprises, in addition to 
tree harvest. An even pattern of precipitation distribution and a very long growing 
season supports the grazing of livestock in this area. Tree species in this area include 
oak (Quercus spp.), hickory (Carya spp.)and various types of pine (Pinus spp.), 
with a variety of warm-season grasses, including bluestems (Andropogon spp.), 
switchgrass (Panicum spp.), stargrass (Aristidia spp.) and bermudagrass (Cynodon 
dactylon). Extremely warm summer temperatures, coupled with lower amounts of 
late-summer precipitation, cause forage quality to remain high for only a short period 
of time.  The eastern deciduous forest is the largest range type, in terms of land area 
(USDA, 1977). This area is highly productive, with good deep, fertile soils, 
abundant, well-timed moisture and a long growing season. Maples (Acer spp.), 
birches (Betula spp.), oak and hickory trees dominate the overstory, while cool-
season forages such as fescue (Festuca spp.), big and little bluestem, timothy 
(Phleum pratense), bluegrasses, ryegrass (Lolium spp.) and orchardgrass (Dactylis 
glomerata) are the dominant form of understory vegetation. In this area, introduced 14 
forages are sometimes used, and legumes such as alfalfa (Medicago spp.) and clover 
(Trifolium spp.) are frequently grown with pasture grasses in order to improve 
forage quality (Carlson et al., 1985). 
Desert shrublands are the driest rangelands in the U.S., typically receiving 
less than 250 mm of precipitation annually; precipitation patterns are also extremely 
variable. Most soils are sandy and coarse textured, permitting deep water infiltration 
which favors the deep-rooted shrubs. In the southwestern United States, the hot 
desert range type exists, with low levels of precipitation occurring primarily in winter 
and summer, high temperatures and a long growing season. This region has seen an 
increase in shrub infestation, especially mesquite (Prosopis spp.) and creosotebush 
(Larrea tridentata). Warm-season grasses such as black grama (Bouteloua 
eriopoda) and other shortgrasses take advantage of the patterns of precipitation. In 
many areas within the hot desert, recreation and tourism, not livestock grazing, 
constitute the principle use of these rangelands. Recovery of this ecosystem type 
from heavy or overgrazing is slow to nonexistant (Smith and Schmitz, 1975).  The 
cold desert range type, which includes most of the Great Basin, is comprised of a 
mixture of sagebrush and cool-season perennial bunchgrasses - the proportions of 
each depend on the condition of the range. These ranges are dominated by woody 
plants such as Wyoming and basin big sagebrush (Artemisia spp.) and rabbitbrush 
(Chrysothamnus spp.), with antelope bitterbrush (Purshia tridentata) being the most 
desirable shrub in this area.  Cool-season grasses, including wheatgrasses 
(Agropyron spp.), needlegrasses, Idaho fescue (Festuca idahoensis) and Indian 
ricegrass (Oryzopsis hymenoids) are commonly found forage species. Much of this 
range type is dominated by woody plants, with only a sparse herbaceous understory. 
Coarse textured soils of low fertility are the rule.  Most of the rangeland falling into 
this classification is owned by the federal government and managed by the Bureau of 
Land Management (BLM). This area typically receives less than 500 mm of 15 
precipitation a year, with much of it occurring from late fall to early spring, in the 
form of snow. Due to the northern latitudes and elevation, the growing season is 
typically very short. Soils are sandy, shallow, volcanic in origin and of generally 
lower fertility. In higher elevation areas, mountain mahogany (Cercocarpus 
montanus) is an important browse component of deer and elk diets, especially during 
winter; antelope bitterbrush is also common on these sites. Crested wheatgrass 
(Agropyron desertorum) is a major introduced species, imported from Russia for use 
in reseeding treated areas and as a source of early spring and late-season forage. 
Concentrations of sagebrush have increased in this area, due primarily to suppression 
of fire. Livestock grazing, fire suppression and other disturbances of the range 
ecosystem have also contributed to the increased presence of another introduced 
species from Russia, cheatgrass (Bromus tectorum), an annual grass. This region did 
not evolve under the presence of high numbers of large herbivores (Vale, 1975); 
thus, the range recovers quite slowly from overgrazing (Holechek and Stephenson, 
1983). Western juniper invasion has become a problem in recent years (Miller, 
1994). Range management practices that control sagebrush and juniper, such as 
spraying or burning, can substantially increase forage production. 
The salt desert is a version of the sagebrush-perennial cool-season bunchgrass 
range type, with a few exceptions. Precipitation received is even lower than that in 
the cold desert. When coupled with high summer temperatures, and soils containing 
extremely high levels of salt, this region will support only a few, adapted plant 
species. The vegetation is comprised mainly of salt-tolerant shrubs, such as winterfat 
(Ceratoides lanata) and various saltbushes (Atriplex spp.), with a few cool-season 
grasses. Most of this range has been severely overgrazed (mainly by sheep), with 
slow vegetation recovery (Turner, 1971). This type of rangeland receives extensive 
use as winter range, especially for sheep. 16 
Plant types 
The three principle plant types occurring on western rangelands are cool-
season grasses, forbs and shrubs. Trees, such as pine, aspen, fir, oak and juniper are 
also present and may serve as browse for some species of wildlife (especially deer) as 
well as sources of cover for big game and domestic livestock. Willows are found 
along streambanks and in healthy riparian areas, and are a highly favored browse 
plant for both domestic and wild ruminants (Kaufmann and Krueger, 1984). 
Grasses have hollow, jointed stems; fine, narrow leaves with large parallel 
veins; and fibrous root systems. Forbs have large tap roots, broad leaves with net-
like veins, and solid, nonjointed stems. Shrubs have woody stems that branch near 
the base and long, coarse roots (Gay, 1965). Grasses are more commonly found in 
soils with a higher clay content, while forbs and shrubs are in sandier, well drained 
soils where water is found deeper in the soil profile. Shrubs (and many trees) have 
stems that remain alive during periods of plant dormancy; however, aboveground 
growth of grasses and forbs typically die back during dormancy. While many forbs 
are undesirable for livestock consumption, due to physical or chemical factors (Fort 
Hays State University, 1986), others, such as sagewort (Artemisia spp.), may make 
up substantial portions of cattle diets at certain times of the year (Judkins et al., 
1985). Deer and pronghorn antelope feed extensively on forbs and shrubs (Dusek, 
1975; Sverson and May, 1967), preferring higher quality, more palatable shrubs such 
as antelope bitterbrush (Kituku et al., 1993) and mesquite (Urness, 1976). Cattle are 
grazers, not browsers, and typically favor grasses over forbs and shrubs; however, 
shrub use can increase when adequate grass is not available (Holechek et al., 1989). 
Forbs may initiate growth earlier in the spring than do many species of cool-season 
grasses, as indicated by their increased presence in early-spring diets of cattle grazing 
mountain meadows (Holechek et al., 1982) or desert ranges (Judkins et al., 1985). 
As seasons advance, some forbs decline in palatability due to phenological 17 
advancement (Holechek et al., 1982), causing grasses to predominate in cattle diets 
later in the growing season. Shrubs maintain relatively high amounts of CP later in 
the season than do grasses, and when are available, cattle will increase their use in 
order to optimize diet quality (Holechek et al., 1981). While sheep and big game 
generally browse only current annual growth of shrubs (Kituku et al., 1993), cattle 
browsing of shrubs removes branches as well as current annual growth, which is 
detrimental to plant health (Hormay, 1943). A healthy, productive range ecosystem 
is one which possesses a diverse mix of grasses, forbs and shrubs, all of which are in 
excellent condition. 
Species types 
In terms of both range plant composition and forage for livestock, grasses are 
the most important plant types. In all locations and environments, cattle will 
preferentially graze grasses over forbs and shrubs (Holechek et al., 1989), although 
proportions vary according to seasons, locations and forage availability. While 
different growth forms exist (tall, mid and short grasses), these are more a function 
of plant environment than plant physiology. Grass species can be divided into two 
groups, based on their metabolic pathways: C3 and C4 photosynthetic processes. 
Tropical, or C4 grasses, produce four-C dicarboxylic acid compounds, while 
temperate (C3) grasses produce three-C compounds (Jones, 1985). The 
photosynthetic pathway of C4 plants makes them more efficient, because plants do 
not lose CO2 through the process of photorespiration (Van Soest, 1982). Temperate 
and tropical grasses also differ in structure, growth and photosynthetic rates, 
optimum growth temperatures and optimum concentrations of CO2 (Jones, 1985). 
Tropical grasses are frequently called warm-season grasses, because they 
initiate growth later in the spring and retain higher forage quality later into the 
summer than do cool-season (C3) grasses. Temperate grasses initiate growth in early 18 
to mid-spring, become dormant under conditions of high temperatures and low soil 
moisture during the summer, then exhibit regrowth in the fall when temperature and 
soil moisture conditions are adequate (Miller and Rose, 1992); however, C4 grasses 
require higher soil temperatures before initiating growth. Tropical grasses do not 
initiate new growth until late spring, then grow actively throughout the summer 
before becoming dormant in fall. Tropical grasses have a higher optimum 
temperature for growth, thereby delaying the onset of growth; however, this is 
compensated for by more rapid growth rates and greater amounts of dry weight 
accumulation. The CO2-fixing enzyme in C4 plants (phosphoenolpyruvic acid 
carboxylase, or PEPc) requires temperatures of 30-35 °C, whereas the analogous 
enzyme in C3 plants, diphosphoribulose carboxylase (RuBPc), requires temperatures 
of 20-25 °C. Tropical grasses tend to be lower in quality than do temperate grasses, 
due to increased cell wall content and fewer mesophyll cells associated both with 
rapid plant growth and growth during periods of higher temperatures (Van Soest, 
1982). Active growth occurring during hot summer weather causes photosynthetic 
products to be converted to structural components, reducing the amount of nitrate, 
protein and soluble carbohydrate within the plant, and increases the proportion of 
plant cell wall components. 
Warm-season grasses are found in the southern Great Plains, southwestern 
deserts and the subhumid southeast. These are areas in which summer temperatures 
are quite high and precipitation is either evenly distributed or comes mainly in the 
spring and summer, in the form of frequent, relatively light rains. Cool-season 
grasses are more common in the northern Great Plains, the Great Basin and the 
forested lands of the west, where much of the precipitation occurs as snow during 
the winter. Temperate grasses take advantage of abundant soil moisture by initiating 
growth early in the season. Cool- and warm-season grasses are seldom found in the 
same area or range, with the possible exception occurring in the northern mixed 19 
prairie, in transition areas such as the Sandhi lls of northern Nebraska (Clanton and 
Nichols, 1987). Competition for water and light, as well as other environmental 
conditions such as temperature usually cause one species type to dominate. While 
both C3 and C4 grasses are extensively grazed on rangelands in the U.S., differences 
in plant morphology and growth patterns (and subsequent changes in forage quality 
and availability) will affect the type of grazing management best suited for a specific 
area or operation. 
Cool-season grasses are better suited to high concentrations of atmospheric 
CO2, whereas C4 plants are more productive under conditions of elevated 
atmospheric 02 (Jones, 1985). The photosynthetic systems for the two groups of 
grasses differ biochemically (Salisbury and Ross, 1978). Temperate grasses 
(orchardgrass, tall fescue) have a C pathway in photosynthesis where CO2 is fixed 
directly by RuBPc, which is located in the mesophyll cells. The first product formed 
is a three-C acid, from which sugars are synthesized; however, this enzyme also 
reacts with 02. The CO2 must diffuse from the atmosphere to the enzyme, and its 
concentration at the reaction site tends to be low. This allows 02 to react on the site 
instead of CO2 and gives rise to the wasteful photorespiration process. Estimates 
indicate that up to 40% of the energy captured by C3 species is lost again by 
photorespiration. Sugars synthesized in the mesophyll cells are translocated as 
sucrose through adjacent cells to the vascular bundle, where they are moved into the 
phloem for transport (Jones, 1985; Smith and Nelson, 1985). 
In warm-season grasses (blue grama, buffalograss), CO2 is first fixed into 
four-C acids in mesophyll cells by PEPc. The acids are translocated to the bundle 
sheath cells surrounding the xylem and phloem tissue. Here CO2 is released near the 
enzyme site and refixed by RuBPc into three-C acids and eventually sugars. The 
active transfer of CO2 via the four-C acid system increases the CO2 concentration 
near the reaction site of RuBPc, causing more CO2 to be fixed with little competitive 20 
interference from 02. Photorespiration of tropical grasses is negligible and net CO2 
uptake is higher than for C3 species. Sucrose is synthesized very near the vascular 
bundle in C4 species, where it is transferred rapidly to the phloem for transport to 
other parts (Smith and Nelson, 1985). The C3 system becomes saturated at lower 
radiation densities than that for warm-season grasses (Waller and Lewis, 1979); this 
translates into a higher efficiency of conversion of radiation energy to dry matter at 
near saturation levels of radiation for tropical grasses. Thus, with the same amounts 
of radiation, tropical grasses have a higher photosynthetic rate (Smith and Nelson, 
1985). 21 
Part 3. Grazing and Range Management 
Effects of Grazing on Plant 
Grazing animals affect the plant community in many ways, including plant 
defoliation, nutrient recycling and mechanical impacts of trampling (Balph and 
Malechek, 1985). Most native rangelands evolved under grazing pressure from large 
herbivores: this process had a greater influence on the evolution of the Great Plains 
grasslands than the sagebrush steppe of the Great Basin, which evolved with very 
little grazing by large herbivores (Platou and Tueller, 1985). 
Defoliation refers to the removal of plant parts (leaves, stems, twigs and 
inflorescences). Plant response to defoliation is variable, and depends on the 
following (Vallentine, 1990):  1.  Availability of meristematic tissue and 
developmental stage of new tiller buds, 2. Carbon reserves and carbon balance, 3. 
Remaining leaf area, 4. Light interception, 5. Time of year and physiological growth 
stage, 6. Root area and root growth factors, and 7. Physical effects of grazing 
animals on plants and soils. Work from Oklahoma (Wallace, 1990) found that 
defoliation by grazing caused higher photosynthetic rates than either clipped or 
nondefoliated plants. Possible mechanisms involved in this response include the 
opening of the plant canopy by the nonuniform nature of grazing (Parsons et al., 
1984); this would allow greater light penetration to lower, previously sheltered 
leaves, thereby increasing photosynthesis and plant production (Caldwell et al., 
1983). Increases in light may be responsible for higher productivity and(or) tillering 
of grazed swards (King et al., 1984). In addition, environmental conditions, such as 
temperature and precipitation, will affect plant response. In the presence of adequate 
soil moisture, cool-season grasses will initiate growth following defoliation (Miller et 
al., 1986; Miller et al., 1990). However, in the sagebrush-bunchgrass ecosystem of 
the northern Great Basin, soil moisture is frequently limiting. Hedrick et al. (1969) 22 
found that vegetative regrowth occurred following grazing in only two of five years 
in eastern Oregon; in these years, soil moisture was adequate for plant regrowth. 
Defoliation during the growing season at different stages of plant phenology 
increased levels of soil moisture during the growing season by halting active plant 
growth and water uptake via reductions in root growth and leafarea (Miller et al., 
1990); however, by the end of the growing season, amount of soil water depletion 
between defoliation treatments were usually similar. In regions where low amounts 
of precipitation are the norm, adequate levels of soil moisture are essential to allow 
plants to respond to defoliation. 
Season of grazing_ 
Spring grazing Plant regrowth following grazing early in the growing 
season is frequently of higher quality than previously ungrazed forage (Pitt, 1986; 
Mayland et al., 1992). Grazing cool-season grasses in the spring should delay plant 
phenology, thereby retaining nutrients in the foliar portions of bunchgrasses rather 
than being translocated to the roots prior to summer dormancy (Anderson and 
Scherzinger, 1975). Angell et al. (1990) reported that crested wheatgrass produced 
high-quality fall forage if it was grazed during the boot stage (approximately mid-
May). Defoliation during spring growth improved the fall forage quality of 
bluebunch wheatgrass (Pitt, 1986). This improvement in quality may be due to 
younger photosynthetic tissue and increased availability of this younger plant tissue 
following removal of old growth (Laycock and Price, 1970). If the production of a 
second crop of high-quality forage is the goal, then removal of the apical meristem in 
late May is recommended (Hyder and Sneva, 1963). This maximizes plant tillering, 
placing forage plants in a more vegetative state and increasing the quality of standing 
forage. Removal of the apical meristem can result in a majority of regrowth tillers 23 
becoming vegetative. In wetter years, a greater proportion of tillers may differentiate 
into reproductive shoots following apical meristem removal (Hyder and Sneva, 1963; 
Miller et al., 1990). 
Early season grazing, while beneficial in many instances, does have some 
problems. Removal of leaf tissue will delay regrowth, since most of the 
photosynthetically active portions of the plant have been removed (Vallentine, 1990). 
Total seasonal forage production is reduced, due to apical meristem removal and 
subsequent reduction of reproductive stem development and delayed plant growth 
(Miller et al., 1990). Wilson et al. (1966) reported that heavy grazing during the 
boot stage for three or more consecutive years resulted in bluebunch wheatgrass 
(Agropyron spicatum) virtually disappearing from rangelands in eastern Washington. 
While grazing at this time may provide the highest quality regrowth, total herbage 
yields may be greatly reduced due to potentially drier soil conditions and the fact that 
the plant must replace lost leaf area (Hyder and Sneva, 1963; Miller et al., 1990). In 
drier environments, such as the cold desert of the Great Basin, spring grazing may 
decrease forage quantity significantly, since regrowth may not always occur, due to 
inadequate soil moisture. Perennial plants translocate carbohydrates and nutrients to 
the roots to promote root growth and develop reserves for times of drought and 
plant dormancy, and to allow plants to initiate regrowth when conditions again 
become favorable (Van Soest, 1982); however, this process may leave an aerial 
portion of lower quality. Grazing plants during the active growth period can affect 
plants in several ways. Removal of photosynthetic tissue slows the rate of plant 
growth and synthesis of nutrients. If little leaf area remains, developing buds must 
rely on stored totally available carbohydrates (TAC). These nutrient are utilized to 
restore leaf material; however, carbohydrate storage does not increase until leaf area 
has expanded and the growth rate slows (Waller et al., 1985). Defoliation draws 
carbohydrates away from roots, which can limit their development and ability to pull 24 
moisture from the soil. These nutrients are used for leaf regrowth and, following the 
onset of dormancy, much of these nutrients may be "locked up" in aboveground 
tissues. Reductions in root size can also make plants more susceptible to 
competition from undesirable species. Reducing TAC levels prior to dormancy 
increases the susceptibility of plants to winter kill and reduces their ability to initiate 
vigorous regrowth the following spring. In order to maintain adequate TAC levels in 
grasses, Waller et al. (1985) recommended the following practices:  1. Delay initial 
spring defoliation or keep early defoliation periods short, 2. Allow adequate leaf 
area to remain following defoliation, 3. Allow adequate time between defoliations to 
permit leaf area and TAC reserves to accumulate, and 4. Allow sufficient residual 
leaf area and enough time late in the growing season to permit TAC build-up and bud 
development prior to the onset of dormancy. This suggests that spring grazing, if 
done properly, can improve forage quality without negatively impacting plant health. 
It is important to keep grazing periods brief and to allow plenty of time for plants to 
rebuild leaf area and replenish TAC reserves. 
Grazing plants during periods of rapid growth will divert some energy away 
from "energy expensive" production of reproductive tillers toward less costly growth 
of vegetative tillers and roots (Kothmann, 1984). Hyder and Sneva (1963) and 
Miller et al. (1990) reported increased numbers of reproductive stems in favorable 
growing years. This suggests that the reproductive process is more energy 
demanding than vegetative growth. Grazing bluebunch wheatgrass early in the 
growing season (prior to apical meristem elongation) provides less reduction in 
carbohydrate reserve levels than does late-season grazing (Daer and Willard, 1981). 
Plants have more time to recover from defoliation and build reserves - also, 
environmental conditions are more favorable for regrowth at this time (cooler 
temperatures, more soil moisture). Complete removal of apical meristems increased 
the proportion of vegetative tillers to reproductive culms in crested wheatgrass and 25 
produced higher quality forage (Hyder and Sneva, 1963). Bedell (1973) clipped 
crested wheatgrass in June (after apical meristem elongation); this procedure 
removed a substantial amount of the apical meristems present. Forage regrowth in 
summer and fall contained 50% more CP than plants clipped in May; spring clipped 
plants contained both vegetative tillers and reproductive culms, which undoubtedly 
contributed to the reduction in quality. June clipping resulted in a decrease in forage 
yield, presumably due to the reduction in time available for plant regrowth. Pitt 
(1986) reported that spring clipping of bluebunch wheatgrass improved forage 
quality the following fall. Elk numbers increased on winter ranges in northeastern 
Oregon that had been grazed by cattle the previous spring (Anderson and 
Scherzinger, 1975). Willms et al. (1979) found increased deer utilization of pastures 
that had been grazed by cattle the previous fall. However, spring cattle grazing did 
not improve utilization of winter forage by elk in southeastern Washington (Skovlin 
et al., 1983), leading these researchers to conclude that factors other than improved 
forage quality may be involved in wildlife utilization of winter ranges. Spring grazing 
appears to be an acceptable grazing practice, as long as care is taken to ensure that 
proper timing of grazing and grazing pressure takes place. 
Summer and fall grazing Impacts of grazing native rangeland during the 
summer will vary, depending on the frequency and intensity of defoliation and 
environmental conditions. Grazing forage late in summer, after the onset of 
dormancy in cool-season plants, should have little impact on forage health and vigor, 
providing that adequate TAC reserves have been accumulated. Deferring grazing 
until late summer can increase total forage production (Miller et al., 1990), although 
the potential for forage regrowth is reduced, due to low levels of soil moisture and 
warm temperatures. Any forage regrowth occurring at this time (providing that 26 
adequate soil moisture is available) should be of very high quality, due to removal of 
apical meristems and initiation of vegetative growth and tillering (Hyder and Sneva, 
1963; Pitt, 1986). 
Late summer or early fall precipitation will allow some regrowth in cool-
season plants such as bluebunch wheatgrass (Miller et al., 1986). In fact, the 
majority of tillers present in spring for bluebunch wheatgrass are produced the 
preceding fall, providing precipitation has occurred (Mueller and Richards, 1986). 
Trlica and Cook (1972) concluded that removal ofnew leaf tissue in autumn had 
little effect on plant growth and carbohydrate concentration in the spring. While 
removal of leaves in fall can deplete total carbohydrate reserves (El Hassan and 
Krueger, 1980), fall regrowth can serve as a mechanism to replenish carbohydrate 
reserves prior to the onset of winter quiescence (Chatterton et al., 1988). While 
spring defoliation of crested wheatgrass results in the allocation of current 
photosynthates to shoot rather than root growth (Caldwell et al., 1981), autumn 
defoliation appears to have the opposite effect. Miller and Rose (1992) found that 
autumn defoliation reduced tiller production but did not increase winter tiller 
mortality or affect tiller recruitment the following spring. Autumn defoliation did not 
reduce root growth in these plants. Plants appeared to be allocating C to roots; when 
coupled with reduced aboveground production (no tiller development), this pattern 
of C allocation appeared to lessen the impacts of fall grazing on root development. 
Although C was allocated to roots following defoliation rather than going into tiller 
recruitment and development, subsequent aboveground biomass was not affected. 
Improved root growth would enable plants to better compete with deeper-rooted 
shrubs and aggressive annual species for water the following spring. However, 
Hyder and Sneva (1963) reported that clipping crested wheatgrass in June resulted in 
low levels of fall storage carbohydrates, as well as reduced levels of root growth. 
These differences may be explained by environmental conditions. Clipping in fall, 27 
when cooler temperatures and precipitation are more likely to occur, would stimulate 
continued photosynthesis and carbohydrate reserve storage and translocation, while 
clipping in summer, with concurrent high temperatures and low levels of 
precipitation, would severely limit the ability of the plant to generate carbohydrate 
reserves. Existant reserves could be used in an attempt to regenerate leaf area, 
thereby reducing reserve levels going into fall.  Deregibus et al. (1982) stated that 
reductions in carbohydrate reserves resulting from plant defoliation after the peak 
growing period may be caused by the reduction in leaf area and assimilate production 
following the cessation of active above-ground growth; when meristematic activity 
was low; and when there were other demands for assimilates below-ground (i.e. use 
of carbohydrates for root growth). This is a time when carbohydrates are normally 
being produced in excess of plant demand, and could be transported to below-ground 
structures for root growth or maintenance, or stored for future demands. While 
studies utilizing radioactive C isotopes have shown that storage carbohydrates are 
active in plant regrowth (Chung and Trlica, 1980), these reserves may only be 
needed to produce the first few leaves, or until the photosynthetic process begins 
producing assimilates as sources of energy. Late-season grazing appears to result in 
plants concentrating on root growth, with minimal efforts devoted to replenishing 
above-ground biomass. 
Multiple defoliations during the growing season can greatly reduce the 
growth and production of grass species. Repeated defoliations of C4 plants, little 
bluestem, sand bluestem (Andropogon hallii) and prairie sandreed (Calamovilfa 
longifolia) during the growing season (early, mid and late summer) reduced the 
annual DM yield, number and weight of tillers, and number of buds (Mullahey et al., 
1990, 1991). Over time, defoliated plant DM yields will drop below levels of 
nondefoliated plants. For optimal DM yields, as well as bud and tiller numbers, 
warm-season grasses should be defoliated once, early in the growing season (June or 28 
July for C4 grasses), since multiple defoliations or defoliations late in the growing 
season will decrease bud and tiller numbers (Mullahey et al., 1991). While long-term 
heavy grazing had little effect on the root and crown biomass, total nonstructural 
carbohydrate reserve levels or seasonal cycles of reserves of Indian ricegrass 
(Orodho and Trlica, 1990), defoliation did reduce crown biomass more than root 
biomass. Removing 90% of the aboveground biomass resulted in >50% reduction in 
the subsequent crown biomass and carbohydrate reserve pool. From these studies, it 
becomes apparent that excessive and(or) ill-timed summer or fall grazing reduces the 
regrowth ability of forage plants. 
Winter grazing While grazing plants during periods of active growth can 
have negative impacts on their ability to regrow and synthesize sufficient nutrient 
reserves to survive periods of dormancy, grazing after fall quiescence should have a 
minimal impact on subsequent growth and development of cool-season grasses 
(Miller et al., 1986). Winter grazing of native rangelands may benefit range 
condition and productivity (Barrett, 1985). Removal of dormant plant material 
should have a minimal impact on the ability of the plant to initiate growth the 
following spring, since tissue removed at this time is not photosynthetically active. 
Willms et al. (1986), however, reported that subsequent forage growth may be 
affected by removal of dormant plant tissue. The photosynthetically active leaf area 
is reduced, thereby reducing the surface area available for the capture of light energy 
and conversion of this energy to end-products of photosynthesis. Carbohydrate 
reserves are not utilized for regrowth at this time, since plants are not active; hence, 
reserves are not diminished. Evidence exists that some storage carbohydrates may be 
used for respiration during this time (Cook, 1966); however, these levels are low and 
should not affect subsequent growth. 
In spring, photosynthesis is accomplished by newly formed leaves. 
Carbohydrate reserves are used to initiate this growth and are used up to the point 29 
where sufficient new photosynthetic leaf area is present to generate carbohydrates for 
growth and nutrient replenishment (Cook, 1966). Removing old, dormant plant 
growth may improve forage quality by improving the amount and availability of 
younger tissue (Laycock and Price, 1970), as well as allowing more light to penetrate 
to lower leaves, increasing their photosynthetic activity (Wallace, 1990). Removal 
of dormant plant material may improve forage production and range condition by 
breaking up rank, overgrown plants, opening up the canopy of bunchgrasses and 
allowing increased amounts of light to reach photosynthetically active tissue. 
Standing dormant forage modifies the environment of young, growing leaves by 
intercepting sunlight and reducing air movement (Sauer, 1978). Reduced light 
intensity may decrease photosynthetic activity; however, decreased air movement 
may reduce vapor pressure deficits at the leaf surface and reduce water stress in 
growing plant tissues (Sauer, 1978). 
Exposure of the crown area by removing dormant plant material can elevate 
spring temperatures at the crown, which may be detrimental to grass plants. 
Daylight crown temperatures of Whitmar wheatgrass (Agropyron inerme) were 
elevated in plants that had standing dead material removed; temperatures were only 
slightly elevated at night (Sneva, 1980). New growth yields were higher and CP 
concentrations lower in rows with than without standing dead. Removal of standing 
dead material reduced forage yields in the Mixed Prairie of Alberta, but not in the 
Fescue Prairie (Willms et al., 1980; Willms et al., 1986). Wikeem et al. (1989) 
reported that removal of dormant plant material prior to the onset of spring growth 
reduced spring forage yields by over 40%. These losses probably occurred because 
of changes in microclimate, such as elevated temperatures and exposure to drying 
winds. Removing standing dead material can decrease new leaf and culm weights, 
as well as leaf length (Sauer, 1978). Reductions in plant liveweight suggests that any 
increases in photosynthetic rate occurring with increased light intensity caused by 30 
opening the bunchgrass clump is offset by a reduction in CO2 absorption rate, due to 
greater air movement and subsequent increases in plant water stress. Standing dead 
plant material may compensate for reduced light intensities by sheltering new, 
growing leaves. Areas with reduced rates and levels of water infiltration and 
shallower plant roots (arid areas and(or) clay soils) may benefit more from standing 
dead, due to reductions in soil moisture loss (shading effect; Willms et al., 1986). 
It is apparent that some dead material may be beneficial to newly growing 
plants; however, too much material can reduce forage quality and cause plants to 
become overgrown with rank forage. These plants become less desirable to grazing 
animals (Norton and Johnson, 1986), causing incomplete utilization of this forage 
base and resulting in excessive grazing pressure on more succulent, less overgrown 
plants (Ganskopp et al., 1993). Forage utilization can be improved when dormant 
plant material is removed, either by grazing, mechanical means or fire (Willms et al., 
1980; Gordon, 1988). Stocking densities and proper timing and duration of grazing 
should be practiced to meet this objective of optimum forage utilization. 
Other impacts Animal treading may directly damage or destroy plant 
growing points, leaves, stems, and roots, causing reduced forage regrowth and 
ultimately changing the botanical composition of the range or pasture (Charles, 
1979). Grazing animals can cause damage to plants from their hoof action (Watkins 
and Clements, 1978); this is especially true with wet or extremely sandy soils. Some 
indirect effects of treading include soil compaction, poorer soil aeration, puddling of 
water on the soil surface, and perhaps changes in soil-water relationships and soil 
temperature (Edmond, 1962). Savory (1987) promoted high intensity-high 
frequency (IMF) grazing as being beneficial to soil by the effects of "hoof action." 
The effect of a herd of animals is to lay down plants for cover, break down soil 
surfaces for increased water infiltration, incorporation of dung and urine for nutrient 
cycling and the compaction of underground soil layers, in order to increase the 31 
water-holding capacity of the upper soil profile. However, both Skovlin (1987) and 
Vallentine (1990) concluded that hoof action or trampling is detrimental, not 
beneficial, to soil characteristics because of increased compaction, decreased 
utilization, increased sediment runoff, increased erosion and the development of 
animal trails. Animal excreta (dung and urine) increases the return of N into the soil, 
enhances nutrient transfer and increases forage growth and production (Wolton, 
1979). Bovine saliva may stimulate growth of sideoats grama, a species which 
evolved under heavy grazing pressure (Reardon et al., 1972, 1974); however, 
additional research is needed before the effects of bovine saliva on grassland 
production are known for certain (Matches, 1992). 
Resistances to grazing Many plants have evolved and developed 
mechanisms to provide tolerance or avoidance to grazing. Many of these have 
developed as a result of a long history of heavy (often excessive) grazing by large 
herbivores, such as bison on the Great Plains. Examples of grazing tolerance or 
avoidance mechanisms include: low growing points, low or even prostrate growth 
forms, deep and expansive rooting systems, an abundance of vegetative only shoots, 
and a variety of vegetative reproduction mechanisms (Vallentine, 1990). Plants with 
low growing points, such as buffalograss, have little danger of these points being 
removed by grazing, since most herbivores cannot physically graze close enough to 
the ground to remove them. Even if these points are removed, mostly vegetative 
regrowth occurs; this increases the photosynthetic potential of the plant and allows 
for rapid recovery from grazing. Many of these plants are able to reproduce via 
rhizomes, stolons, tillering or root sprouting, which enables plant regeneration 
without seed production, even under moderately heavy grazing conditions (Briske, 
1986). Many plants common to western rangelands (Idaho fescue, bluebunch 
wheatgrass), which did not evolve under heavy grazing, have not made these types of 
modifications and, as such, continue to remain susceptible to heavy grazing. 32 
Some plants apply other methods to avoid grazing. Physical barriers, such as 
spines, thorns, or burs prevent animals from consuming plants. Annual plants 
complete their growth cycle rapidly, so that their period of greatest vulnerability to 
grazing (development and production of seed) passes quickly. Plants such as 
sagebrush, juniper and greasewood (Sarcobatus spp.) contain chemical compounds, 
such as terpenes and volatile oils, which function to discourage livestock grazing. 
Other plants, such as halogeton and larkspur, contain alkaloids which cause 
significant amounts of damage if ingested by grazing livestock. Animals must learn, 
through experience, which plants to avoid. However, these defenses are not without 
cost to the plant. Energy is required to produce physical or chemical defenses; this 
energy cost reduces the energy available for plant growth and production. It must be 
beneficial for plants to produce these compounds (benefits outweigh the costs), or 
their production would cease. 
Grazing Distribution_ 
In most pasture situations, grazing distribution is not a major problem. 
Pastures in the Great Plains and the southeastern U.S. are relatively small (<70 ha), 
are on flat, level terrain and are comprised of a small number of highly homogeneous 
forage species. These factors combine to allow cattle to graze widely over these 
pastures and achieve uniform forage and range use. However, in the western U.S., 
topographical factors such as slope, aspect, diverse plant communities and sparse 
watering points can combine to greatly affect grazing distribution (Holechek et al., 
1989). On and western ranges, availability of water is often the chief factor 
influencing animal distribution. Frequently, areas surrounding watering points are 
extremely overused, while other, more remote portions of the range receive little or 
no use (Mueggler, 1965; Beck, 1978). In some areas, virtually 100% of the forage 
near water is utilized, while forage use decreases as the distance from water increases 33 
(Holscher and Woolfolk, 1953). On vast western rangelands, single pastures 
commonly contain more than 400 ha; distances to water frequently exceed 8 km. 
Travelling to and from water takes a great deal of time and energy, which could 
otherwise be used for production. On rangelands where terrain is not a limiting 
factor, water location is the primary determinant of grazing distribution (Herbel et 
al., 1967; Senft et al., 1982). Cattle appear to evenly use rangelands within 1.6 km 
of water on relatively level rangeland (Martin and Cable, 1974); however, on 
mountainous areas of northeastern Oregon, cattle use of areas > 600 m from water 
was virtually zero (Gillen et al., 1984). Holechek (1988) stated that if a portion of 
range was > 3.2 km from water, the area should be considered ungrazeable. Areas 
1.6 to 3.2 km from water sources will be grazed at only 50% of capacity. Martin and 
Ward (1973) also concluded that little use is made of rangelands that are further than 
3.2 km from water, In situations where animals must travel great distances to water, 
large sacrifice areas near water develop, as animals refuse to invest the time and 
energy into travel. This is the primary reason why the Bureau of Land Management 
(BLM) and other ranch managers have placed so much emphasis on developing 
stock water in more remote areas of the range, as they try and draw cattle away from 
watering points. 
Next to water, topography (or slope) appears to be the next limiting factor in 
achieving proper grazing distribution (Holechek et al., 1989). In general, cattle will 
not utilize slopes of over 60% (Holechek, 1988). As slope increases above 10%, 
grazing capacity begins to decline (Holechek, 1988). In the northeastern Oregon 
mountains, slope gradient was the only physical factor consistently associated with 
grazing distribution of cattle (Gillen et al., 1984), with animals seldom utilizing 
slopes >10%. Ganskopp and Vavra (1987) reported that cattle, feral horses and 
mule deer all favored slopes with < 20% gradient. Some adverse affects of steep 
gradients can be alleviated when accessibility to these areas is improved. Cattle will 34 
utilize slopes up to 70% gradient if access from adjacent gentle watercourses is 
available; cattle will travel on the contour across slopes of this gradient (Patton, 
1971). Access routes, including trails on Nebraska rangeland (Weaver and 
Tomanek, 1951) and logging and skid trails on forested range in Oregon (Roath and 
Krueger, 1982) can effectively increase cattle utilization on steep slopes. Pinchak et 
al. (1991) found that on summer foothill range in Wyoming, cattle utilized slopes of 
<7% heavily, concentrating 79% of their time on these areas. Slopes with > 10% 
gradient made up 35% of the land area but received only 7% of the use. Cattle also 
concentrated 77% of their use within 365 m of a water source. While 65% of the 
land area was > 723 m from water, it received only 12% of the total use. On 
semiarid, rugged rangelands, cattle prefer areas that are relatively flat (or gently 
rolling) and close to a water source. 
Methods to improve grazing distribution_ 
On rangelands where grazing distribution may be a problem, several methods 
are available to try and enhance or improve grazing animal distribution. These may 
best be used in combination; however, there is no one sure-fire method, and the most 
appropriate method will vary from one situation to the next. 
Fencing Fencing is a direct method of influencing grazing distribution. 
Proper fencing practices to enhance grazing distribution should include the following 
guidelines (Vallentine, 1990):  1. Separating areas requiring different grazing 
management strategies; 2. Reducing the size of grazing units, to allow greater 
management; 3. Use of natural division lines, such as streams or ridges; 4. 
Ensuring that each fenced unit has a properly located watering source, and 5. 
Allowing for ease of animal movement from one fenced area to another. Fencing of 
riparian areas is a commonly practiced method of assuring proper range use 
(Kaufmann et al., 1983a,b), with the essential assurances that cattle will not be 35 
utilizing or concentrating on riparian areas during critical times for forage production 
or utilization of these areas by wildlife. Fencing is one of the most expensive grazing 
distribution tools available, in terms of time, labor and equipment, and should only be 
used when deemed advantageous to other methods of improving distribution. 
Herding Herding has been an accepted method of controlling sheep grazing 
for many years. However, rising labor costs, a lack of capable herders and narrow 
profit margins have focused sheep management more toward the use of fencing to 
control grazing distribution (Vallentine, 1990). Herding of cattle appears to be most 
effective on ranges with rough, uneven terrain. In areas where adequate feed is 
available but livestock accessibility is poor, active cattle movement is required to 
achieve uniform range use (Skovlin, 1957). This method is most effective in moving 
cattle from lowland, riparian areas, where they tend to congregate, to upland areas 
where abundant forage is available, but less accessible. Water availability should 
always be a consideration when herding livestock. Untended cattle tend to 
congregate on easily accessible and highly productive areas, or in areas near a water 
source, and will remain there indefinitely, causing overuse of these areas while other 
areas of the range remain underutilized. Without the aid of a herder or range rider, 
proper rangeland use may not be achieved , even with fencing, water developments 
and(or) supplemental feeding (Skovlin, 1965). 
Water Water availability is undoubtedly the single most important factor 
affecting grazing distribution. Available water is the center of grazing activity on any 
given range. Improper location of watering sources will cause areas close to water 
to be overgrazed, while more remote areas will receive little, if any, use. On steep, 
rough ranges common to the intermountain West, watering points should be no 
further apart that .4 to .8 km to ensure optimum forage utilization (Vallentine, 1963). 
Within-range or pasture location of watering points is also important. Water located 
in the center of the grazing area is the best-case scenario, but prevailing conditions 36 
(pasture size, topography) may not make this feasible. Rotating animal access to 
permanent water sources may be one way of influencing grazing distribution on 
desert ranges (Martin and Ward, 1970). This practice may entice animals to graze 
portions of the range not normally utilized, while reducing overuse of areas near 
water. Water hauling is another method of improving livestock distribution . 
Hauling water into undergrazed areas where water would otherwise be unavailable 
or where existing watering places are dry can entice livestock movement into and 
utilization of these areas. However, this method is labor-intensive and somewhat 
expensive, and should be used only when deemed advantageous. Developing new 
sources of water through reservoir construction, well drilling, and pipeline 
construction are commonly practiced, if somewhat expensive, methods of improving 
livestock distribution. These developments are found largely on federally owned 
rangelands, where cost-sharing between the permittee and the BLM makes these 
projects economically feasible. 
Forage factors On many types of rangelands, such as the grasslands and 
prairies of the Great Plains, forage quality is relatively uniform; that is, differences in 
quality between different areas of the pasture or range, or between species or types 
of plants, are minimal. Similarities in chemical composition and stage of growth 
between plants reduces the animal's ability to selectively graze, and thereby reduces 
the benefits of concentrating on certain areas or types of plants. On western 
rangelands, however, several factors affect forage quality and, therefore, grazing 
distribution. Different plant species have differing growth patterns and will be of 
higher quality than other plants at certain times of the year. For example, crested 
wheatgrass is of high quality early in the grazing season, when compared to other 
cool-season grasses (Mayland et al., 1992). When differences in forage quality and 
plant growth stages occur, cattle will concentrate on the lush, higher quality 
vegetation. As seasons advance on the shortgrass prairie, cattle preference for 37 
specific plants and plant communities become closely associated with the CP content 
of the standing crop (Senft et al., 1985). This means that some species or individual 
plants may receive repeated, often heavy defoliations, while others receive little or no 
use. Forage accessibility, in addition to quality, is also important. Sheep utilized 
more than twice as much forage from logged lodgepole pine sites in northeastern 
Oregon than uncut sites, while cattle tended to prefer fringe areas and areas with 
minimal logging slash (Stuth and Winward, 1977). Holechek et al. (1986) reported 
that cattle will utilize mainly grasses during the spring and summer, but will heavily 
use shrublands during the winter, when snow cover limits the availability of grasses 
and forbs. During winter, snow cover can greatly reduce forage availability, causing 
animals to congregate in sheltered areas, where snow depth and wind are reduced 
(Arnold and Dudzinski, 1978). These areas include secluded areas of timber, 
protected draws, and south slopes and windswept ridges, where sunlight and winds 
may remove snow, making forage available. Certain range sites will promote 
increased forage production, as well as forage quality. Areas of highly productive, 
fertile soils and available soil moisture, such as mountain riparian meadows or 
subirrigated pastures, will maintain higher quality forage later into the grazing 
season. Forested ranges contain higher quality forage later in the growing season 
than do grassland ranges (Holechek et al., 1981). Cooler temperatures, higher levels 
of precipitation, effects of reduced light intensity and later initiation of plant growth 
all contribute to observed increases in late-season forage quality on higher elevation 
forest range. In any instance, cattle will congregate on and heavily utilize areas of 
rangeland where forage is abundant and(or) of high quality. 
Salting and(or) supplementation Placing salt or meal-salt mixtures at sites 
well removed from existing water sources or in remote, underutilized areas can 
increase use of these areas (Martin and Ward, 1973); however, it may not reduce use 
of range areas near water sources. Providing salt or protein supplement in areas of 38 
ungrazed forage should encourage cattle to expand their range of grazing. Salting or 
feeding grounds should be located away from water or easily accessible and 
frequently utilized areas, and should not be permanent, to discourage overuse and 
damage to supplementation areas (Skovlin, 1957). Ares (1953) concluded that 
feeding a meal-salt ration (salt and cottonseed meal (CSM)) away from water 
sources increased the area of the range receiving proper use by 84%, decreased 
heavy use areas by 52%, virtually eliminated excessive use zones and reduced the 
areas of the range receiving excessively light use. If the meal-salt mix was provided 
both at and away from water, 80% of the supplement use occurred at watering 
points. Reducing the frequency of supplemental feeding or using a salt-limited 
supplement can induce cattle to distribute more evenly over the entire range (Riggs 
et al., 1953; Melton and Riggs, 1964). Additional benefits of this practice include 
providing vitamins, minerals and other nutrients to animals that may otherwise be 
deficient, if only range forage was being consumed. An important fact to consider 
when using salt mixes to improve grazing distribution is that salt consumption will 
increase the water requirement of the animal; however, at levels of these mixes 
typically fed, this does not pose a serious threat to animal health (Riggs et al., 1953). 
Cows that are gathered and provided supplemental feed every day do not travel or 
graze more widely than nonsupplemented cows (Rouda et al., 1990). Grazing 
animals provided supplemental feed in the morning spend more time grazing than 
animals supplemented in the afternoon (Adams, 1985; Yelich et al., 1989), since 
normal grazing activity is not disrupted by feeding at this time. Supplemental feeding 
should be done with care to prevent excessive trampling and degradation of feeding 
areas. Rotating feeding areas should help to alleviate this damage. Some federal 
land management agencies forbid feeding of any supplemental feeds, other than 
mineral supplements, to cattle grazing lands under their jurisdiction, to prevent 
possible adverse affects of range overuse, degradation, and importation of noxious 39 
weeds and other undesirable plant seeds in the supplemental feed. This policy varies 
between management districts, with some districts allowing supplemental feeding, 
but not full feeding. When extensive supplemental feeding must be done, rangelands 
approved as sacrifice areas, specialized handling and feeding facilities, wastelands, 
drylots or high producing, intensively managed pastures should be used (Vallentine, 
1990). 
Riparian areas Riparian zones, or areas surrounding streams, creeks, rivers 
or springs, are the most important component of the range from the standpoint of 
wildlife, water quality, recreation and forage productivity (Elmore and Beschta, 
1987). These lands comprise less than 2% of the total land area in the western U.S., 
yet they produce a significant proportion of the total forage available for livestock 
use (Chaney et al., 1993). These areas have all the qualities that are desirable to 
grazing livestock; abundant water, high-quality forage, easy access, shelter, and cool 
conditions during summer periods (Kaufinann and Krueger, 1984). On western 
rangelands, rough topography, limited upland water developments and lower quality 
forage on upland sites combine to increase cattle utilization of riparian areas. For 
example, on rangelands characterized by steep slopes and infrequent water 
availability in the Blue Mountains of northeastern Oregon, riparian zones covered 
only 2% of the grazing area but accounted for 70-80% of forage removed by cattle 
not restricted in their grazing activities (Roath and Krueger, 1982a). Upland forage 
tends to reach maturity and become dormant earlier in the grazing season, due to low 
amounts of available soil moisture. These areas may receive extensive use early in 
the grazing season; however, as the year progresses, water availability declines, 
causing plants to initiate dormancy and reducing forage quality on upland relative to 
riparian sites. These changes influence cattle movement to riparian areas later in the 
year (Marlow and Pogacnik, 1986). Smith et al. (1992) reported that cattle spent 
more time on ephemeral channels and floodplains, as a percentage of total habitat, 40 
than on uplands, which made up the majority of the rangeland area. This 
concentration was attributed to higher forage quality and closer proximity to water. 
Extensive use of riparian areas can alter vegetation cover and affect the composition 
of forage species (Kaufmann et al., 1983a). Upland vegetation is often underutilized, 
due to poor water availability and distribution and rough topography, which reduces 
accessibility. Underutilization of bunchgrasses can cause forage to become 
overgrown and rank, which can reduce rangeland productivity (Ganskopp et al., 
1993). Grazing mountain ranges early in the growing season, when the majority of 
the forage is still of high quality and temperatures are cool, can improve grazing 
distribution and utilization of dry meadows and reduce the impacts of grazing on 
streamside banks and vegetation (Clary and Booth, 1993). Without careful 
management, riparian areas will frequently receive excessive use by livestock, due to 
the many factors desirable to grazing animals. 
Grazing Systems 
A great deal of emphasis and discussion has occurred in recent years over the 
effectiveness of various grazing systems to improve grazing distribution, forage 
utilization, range condition and animal performance. Type of grazing system and 
intensity of stocking are influenced by several factors, including topography, 
precipitation, forage type and range condition. Grazing systems commonly used 
include continuous, deferred rotation, rest rotation, short duration, high intensity-low 
frequency (HILF) and seasonal suitability. On rangelands where terrain is rugged, 
wildlife considerations are important, water distribution is poor, precipitation is low 
and extremely variable, and vegetation is of low grazing resistance, specialized 
grazing systems are required (Holechek et al., 1989); this description applies to most 
of the range in the western U.S., especially in the intermountain area. 41 
Continuous grazing Continuous grazing programs involve animals 
remaining on the same pasture or range for most or all of the grazing season. An 
often-voiced criticism of this system is that cattle will excessively graze particular 
plant species, while avoiding other plants altogether. However, actual research has 
shown that, under this system, a variety of plants (both grasses and forbs) are 
selected during the critical growing season. Use of plants during the growing season 
is light, since adequate forage must remain available for grazing during the dormant 
season (Holechek et al., 1989). A real problem with continuous grazing involves 
livestock concentration on certain areas, such as watering points, shaded areas and 
sites with abundant and(or) high-quality forage. These areas, even under light 
stocking rates, can be excessively grazed unless measures are taken to enhance 
grazing distribution and prevent their overuse. This is especially true on rugged 
rangelands, where infrequent water, steep terrain and isolated, lush riparian areas 
tend to concentrate livestock. Continuous grazing at moderate levels of stocking 
may be superior to rotational grazing systems in the flat shortgrass prairie of the 
Great Plains (Smoliak, 1960). Areas that are typified by grazing resistant species, 
frequent, easily accessible watering points, flat terrain and frequent light rains during 
the growing season allow for forage regrowth following defoliation. In these 
situations, as long as grazing pressure is light enough to prevent frequent, heavy 
defoliation, continuous grazing should have a minimal impact on forage and range 
condition and productivity. 
In terms of animal production, as well as forage quality and range condition, 
continuous grazing was equal to or better than specialized grazing systems on 
shortgrass ranges in Wyoming (Hart et al., 1988) and California annual grasslands 
(Heady, 1961). When compared to rotationally grazed pastures in Texas, continuous 
grazing did not affect total grazing time (Walker and Heitschmidt, 1989). McKown 
et al. (1991) compared rotational grazing (two levels; either 14 or 42 paddocks) at 42 
heavy stocking rates with continuous grazing at a moderate stocking level. While 
nutrient intake of steers in the continuous grazing system was greater than under 
rotational grazing, and more forage was available on the continuous system, the 
authors concluded that the differences between treatments were more attributable to 
stocking rate differences, not grazing systems. Continuous grazing and short-
duration grazing systems had similar effects on forage and diet quality, implying that 
variables more fundamental than choice of grazing system are important in 
determining animal production (Nelson et al., 1989). When continuous grazing is 
practiced, the size of the range or pasture may impact animal performance and forage 
utilization. If pastures are large, distances to water may increase, which may cause 
animals to congregate near watering points. Hart et al. (1993) found that on 
Wyoming shortgrass rangeland, forage utilization in larger pastures declined as 
distance from water increased. Cows on continuously grazed larger pastures 
travelled further than continuously grazed cows on smaller pastures; these animals, in 
turn, travelled further than rotationally grazed animals. Cow and calf gains on large 
continuously grazed pastures were lower than cows on other grazing treatments, due 
presumably to the increased energy expended in travelling greater distances. 
Increasing the number of watering points or supplement provision should reduce 
travel distances and improve animal performance on larger pastures. Continuous 
grazing offers the advantages of maximizing the ability of the animal to selectively 
graze and maintain a high-quality diet, minimizing animal disturbance and animal 
movement and reducing labor inputs. However, in areas where watering points are 
infrequent, terrain is steep and rugged and major changes in forage quality and 
quantity occur, continuous grazing may cause animals to concentrate and overuse 
certain areas, while other range sites remain underutilized. 
Season-long grazing In areas of the intermountain West, conditions exist 
under which grazing is feasible for only part of the year. Examples include using low 43 
elevation ranges for winter and early spring grazing, then moving to higher elevation 
rangelands during the summer. This practice is common under conditions where a 
wide variety of range types, such as desert, forest and meadow ranges, exist. 
Holechek et al. (1981, 1982) described a system in northeastern Oregon where 
livestock graze lower elevation ranges early in the growing season, prior to the 
initiation of forage growth on forested range. As the season progresses, cattle move 
to forested range, where higher quality forage is available. In fall, animals return to 
lower elevations, where fall regrowth has occurred; this comprises a sort of 
elevational gradient grazing program. This program allows animals to maintain a 
high-quality diet, while avoiding overuse of any one range type. In addition to rest-
rotation and deferred rotation grazing, the two principle public land management 
agencies involved with livestock grazing, the BLM and the U.S. Forest Service, 
practice a form of this elevational gradient management plan. In many scenarios, 
BLM permits for lower elevation, arid sagebrush-bunchgrass ranges, which allow 
grazing early in the season, while Forest Service permits for higher elevation range 
are effective later in the year. 
Seasonal-suitability grazing This program is very similar to season-long 
grazing; indeed, it may be very difficult to separate the two. Seasonal-suitability 
grazing will be superior to continuous or season-long grazing only in areas with 
diverse forage resources, such as commonly occurs in the intermountain region with 
different elevations or range types (grasslands, shrublands). Lower-elevation 
grasslands and south-facing slopes have species which initiate growth earlier in the 
spring and mature earlier in the summer, due to the effects of increased light and 
temperature. These ranges are typically utilized early in the growing season. 
Forested range and mountain meadows initiate forage growth later, due to cooler 
temperatures and reduced levels of light - these ranges provide excellent summer 
forage. Foothill ranges in northern Utah are most effectively used by livestock in the 44 
spring, while mountain ranges should not be used until summer because of delays in 
plant phenology and lower susceptibility of forages to grazing at this time (Cook and 
Harris, 1968). When precipitation occurs during the fall, lower-elevation meadows 
and desert ranges can be grazed to utilize high-quality regrowth (Holechek et al., 
1982). Grazing of crested wheatgrass seedings in early spring can provide high-
quality forage, since this species initiates growth earlier than most native 
bunchgrasses (Cook and Harris, 1968); crested wheatgrass initiates regrowth quite 
readily, making it a good source of fall forage. Desert ranges can be utilized for 
winter grazing, due to their lower elevation, warmer temperatures, reduced snow 
levels (which improves forage availability) and abundance of highly nutritious shrubs. 
The salt desert region of western Utah has long been used as a winter range for 
sheep (Cook and Harris, 1968). 
Riparian areas require special attention, in terms of grazing programs. Cattle 
will concentrate on these easily accessible, higher-quality areas, even under 
conditions of light stocking, and can cause extensive damage if left unchecked. 
While most riparian areas have vast upland regions associated with them, 
management plans for the two areas may be quite different. In general, managing 
rangelands for upland vegetation will cause riparian areas to be overgrazed (Chaney 
et al., 1993); these highly productive areas must be managed within the context of 
the entire range system, yet at the same time managed apart from upland areas as 
much as possible (Skovlin, 1984). Methods to reduce livestock concentration on 
riparian areas include previously discussed methods of enhancing grazing distribution 
(riding, fencing, salting), as well as using specialized grazing systems. Delaying 
grazing until midseason tended to improve animal distribution on northeastern 
Oregon mountain rangeland (Roath and Krueger, 1982a); this has the additional 
benefit of limiting compaction and trampling of wet soils during the spring 
(Kaufmann and Krueger, 1984). Kaufmann et al. (1983b) advocated late-season 45 
grazing of separate riparian pastures to minimize the harmful effects of grazing on 
wildlife and streambank characteristics, as well as riparian vegetation. The period of 
active plant growth has passed, thereby minimizing the impact of defoliation on plant 
health and vigor. This recommendation is supported by work on a western Colorado 
riparian floodplain (Sedgwick and Knopf, 1991), which found that dormant season 
grazing has a minor impact on riparian vegetation and overall condition.  This 
practice has the additional benefit of facilitating cattle gathering by concentrating 
cattle in a relatively small area at the time that they are removed from the range. 
Separate fencing of riparian pastures and rotational grazing systems with moderate 
stocking rates show promise in allowing cattle some use of riparian areas, while 
minimizing damage to these (Platts and Nelson, 1985). Early spring grazing of 
riparian areas is a management plan that has been receiving considerable attention. 
This program reduces the impact of livestock on riparian areas by allowing plants 
adequate recovery time following a short, early-spring grazing period (Elmore and 
Beschta, 1987). Cattle are removed from riparian zones in time for plants to rebuild 
photosynthetic leaf area and resynthesize carbohydrate reserves. Early summer 
grazing of mountain meadow riparian pastures in central Idaho showed that cattle 
concentrated their activity on adjacent dry meadows and not on streamside areas 
(Clary and Booth, 1993). With this program, it is critical to limit the time that 
animals spend on riparian areas, as well as the number of animals on these areas, in 
order to prevent excessive damage to streambanks and excessive compaction, 
reduced water infiltration, and excessive sediment losses on wet soils (Bohn and 
Buckhouse, 1985). 
Deferred and rest-rotation grazing Deferred grazing systems allow periods 
of nonuse to occur at times of critical, active plant growth which, in cool-season 
grasses, occurs in spring to early summer. This rest allows plants to increase their 
seed production, enhances establishment of grass seedlings, and protects plants 46 
which are susceptible to grazing at certain times of the year (Heady, 1984). Rest-
rotation systems differ from deferred systems, in that ranges are not grazed for an 
entire 12-month period, rather than a shorter period of time within the year. This 
allows range plants to complete an entire growth cycle without the impacts of 
grazing. Deferred grazing has provided vegetation responses superior to those 
achieved with continuous or season-long grazing on several types of western ranges 
(Hyder and Sawyer, 1951; Skovlin et al., 1976). Rest-rotation grazing is also an 
effective grazing plan for both vegetation and livestock in rugged, mountainous 
terrain because of improved livestock use of uplands and enhanced vegetation 
responses in riparian zones (Holechek et al., 1989). One mistake commonly made 
with rest-rotation grazing systems is that the stocking rate is increased. On arid 
rangelands, one or more years of rest will not fully compensate for one year of heavy 
grazing (Trlica et al., 1977). The most noteworthy disadvantage of either deferred 
or rest-rotation grazing is that other pastures or ranges must bear a heavier grazing 
load during periods that certain pastures are receiving no grazing pressure. 
Subsequent periods of rest may not be sufficient to counteract these periods of heavy 
use, particularly in dry, less productive regions. Selection of a stocking rate similar 
to those under moderately stocked continuous systems can be maintained under 
rotational deferment (Kothmann, 1984) and rest-rotation grazing (Holechek et al., 
1987). One advantage of deferred grazing is that some use is made of the forage 
each year - that is, each pasture or range is grazed at some time during the grazing 
season. This may also help explain why deferred grazing has less of a negative 
impact on vegetation, since no one pasture receives excessive use, as may occur with 
rest-rotation grazing. 
High-intensity grazing systems High-intensity/low frequency (HLLF) 
grazing systems involve heavy grazing on pastures, with a long period of nonuse 
between grazing events to theoretically offset excessive use during the grazing 47 
period. The principle goal of this system is to improve grazing distribution and 
increase the utilization of all plants, even less desirable plants that would not 
ordinarily be consumed.  The use of HILF grazing is mostly in areas where animal 
performance goals are secondary to goals of overall range use or vegetative 
manipulation. Animal performance may be adversely affected, since livestock are 
forced to select coarse, relatively unpalatable species as time progresses and forage 
availability declines (Corbett, 1978). This program is designed more for flat, humid 
rangelands such as the tallgrass and Southern mixed prairies, and is theoretically 
impractical for use on rugged western rangelands, where arid conditions make 
recovery from heavy grazing slow to nonexistent. This system has largely been 
abandoned in favor of high-intensity/high frequency (HIHF) grazing,  or short-
duration grazing. This program supposedly allows greater animal selectivity, lighter 
defoliation levels and prevention of forage from maturing prior to grazing. Several 
individual pastures (or paddocks) are utilized, with the grazing period in each 
paddock being five days or less followed by four or more weeks of nonuse. Animals 
are rotated frequently during periods of active plant growth. Stocking densities are 
increased, in order to:  1. Increase water infiltration as a result of hoof action 
disturbing the soil surface; 2. Increased cycling of minerals and nutrients; 3. 
Decreased grazing selectivity; 4. Increased plant leafarea, via stimulation of 
tillering; 5. Improve range and forage utilization by forcing livestock to  consume 
otherwise undesirable forage; 6. Increase the green feed period by keeping plants in 
a vegetative state, and 7. Decrease the number of ungrazed (wolf) plants (Savory, 
1983). In a study comparing HILF and HIHF systems, Taylor et al. (1993) found 
that while grasses in the HIHF pastures were in a more vegetative state (due to 
increased frequency of harvesting), HILF grazing promoted succession from 
predominantly shortgrass range to midgrasses more readily than did HIHF. Short-
duration grazing (SDG) is primarily designed and adapted for use during the growing 48 
season in areas experiencing long growing seasons, and on mesic sites where the 
potential for forage regrowth is high (Pieper and Heitschmidt, 1988). Vegetation 
responses, including end of season standing crop, to HIHF and continuous grazing 
were similar on southcentral New Mexico rangeland (White et al., 1991). Blue 
grama aboveground productivity and basal cover area was increased under the HIHF 
system, indicating that short-term results from SDG may include higher rates of 
stocking and positive growth responses of blue grama. The efficiency of harvesting 
forage may be improved by the application of a uniform grazing frequency and 
intensity. The potential does exist to increase the uniformity of grazing animal 
distribution and the utilization of range plants (Malechek and Dwyer, 1983). 
Hepworth et al. (1991) reported that steers travelled farther under continuous than 
under short-duration grazing (SDG). Under the continuous system, animals had to 
cover greater distances to water and may have had to cover more area to select a 
desirable diet, leading the authors to conclude that the potential may exist to reduce 
gains if travel distances are too great in large pastures. Subdividing large pastures 
into several smaller units may improve gains (Hart et al., 1989). While total grazing 
times did not differ, cattle in a rotational grazing system with 14 paddocks spent less 
time searching for forage than did cattle in continuous systems, due to available 
forage being more uniform in quality. As rotation frequency increased to 42 
paddocks, time spent searching for forage, trailing time and distance travelled 
increased; this may have been due to limited forage availability forcing animals to 
spend more time searching for forage. One claim made by proponents of H1HF 
grazing is that diet quality is enhanced, because frequent defoliations keep forage in a 
less mature stage of growth. Motazedian and Sharrow (1990) found that the yield of 
digestible DM increased with more frequent defoliations of perennial ryegrass­
subclover pastures in western Oregon. Digestibility and CP contents of forage 
produced declined as the period between defoliations increased. However, Walker et 49 
al. (1989) reported that cattle preference for plant communities was similar for 
rotational grazing systems (14 and 42 paddocks) and moderately stocked continuous 
grazing systems. During periods of active plant growth, differences in diet quality 
between continuous and SDG systems were small; however, during periods of plant 
dormancy, diet quality was higher under the moderately stocked continuous grazing 
system, due to increases in forage availability providing the animals with more of an 
opportunity to selectively graze a high-quality diet (Heitschmidt, 1986). 
Concentrations of CP decreased and fiber concentrations increased as the time that 
cattle spent within a SDG paddock increased (Nelson et al., 1989; Olson et al., 
1989). The reduction in diet quality was associated with changes in forage 
availability within paddock over time. These results indicate that the type of grazing 
system may influence diet quality by affecting the availability of forage and the 
subsequent ability of the animal to selectively graze. On and western rangelands, 
SDG may not be a practical grazing management plan, since low levels of 
precipitation and soil moisture and a short growing season will limit the opportunities 
for plant regrowth following grazing. In addition to environmental limitations, many 
of the species found on these rangelands have a low tolerance to heavy grazing; these 
factors, when summed together, necessitate a lengthy recovery period following 
heavy grazing. 
The supposed benefits of HIEF grazing on soil characteristics and water 
infiltration have also been questioned. Thurow et al. (1986) found that water 
infiltration was reduced and sediment losses increased on ranges under SDG systems 
as compared to moderately stocked continuous systems. Range condition declined, 
soil moisture levels were reduced and soil bulk densities were increased under SDG 
systems (Dormaar et al., 1989); animal impacts under this grazing system resulted in 
a retrogression in condition of Canadian rangelands. Short-duration grazing systems 
are best suited for ranges that are relatively flat, receive higher amounts of evenly 50 
distributed precipitation, and are highly productive. One benefit of SDG is that 
increased forage and livestock management is possible. Of course, increased 
management is also essential, since one bad decision can have drastic consequences, 
in terms of range productivity and condition. Seasonal grazing, or perhaps deferred 
grazing systems, are best suited for the arid, rugged ranges of the western U.S. 
Stocking rate In terms of the health and productivity of vegetation, 
livestock and wildlife, range condition and economic returns, selection of the correct 
stocking rate may be the most important of all grazing management decisions. 
Stocking rate is the amount of land allocated to each animal unit (AU) for the entire 
grazeable period. Carrying capacity is the maximum stocking rate possible, year 
after year, without damaging vegetation or related resources (Society for Range 
Management, 1974). Stocking rates will vary, depending on the range type, season 
of grazing, and condition of the rangeland. For example, what is considered a heavy 
stocking rate in the Great Basin may be considered light stocking in the tallgrass 
prairie. The productivity of range sites may also influence stocking rates. Range 
sites with lower herbaceous mass provided higher quality diets during the growing 
season and at low grazing pressures, since young, green forage was readily available. 
Increasing herbaceous mass yielded higher nutrient intake in the fall and at higher 
grazing pressures, leading Launchbaugh et al. (1990) to conclude that less productive 
sites in Texas required more selective foraging strategies. Higher producing sites 
may better withstand increased grazing pressures. However, reducing the stocking 
rate from heavy to moderate for any grazing system will lead to increases in herbage 
production (Van Poollen and Lacey, 1979). Switching to light rates of stocking may 
allow some recovery and improvements in vegetation on arid ranges of the West 
(Valentine, 1970). Reducing grazing pressure favors plant litter and soil OM 
accumulation (Naeth et al., 1991a). Increases in infiltration capacities and decreased 
evaporation from the soil surface with higher accumulations of litter, and reductions 51 
in evapotranspiration due to defoliations from grazing will more than offset litter 
evaporative losses (Lowdermilk, 1930; Naeth et al., 1991b). Under conditions of 
heavy stocking, cattle may alter their diets to include more short and midgrasses, 
since other species may have already been removed from the stand because of high 
grazing pressure (Pinchak et al., 1990). Moderately stocked, continuous grazed 
pastures had higher amounts of standing crop; however, differences in diet quality 
between moderately and heavily stocked ranges were small. On less productive 
rangelands in the northern Great Plains, heavy stocking rates reduced grazing time 
and weight gains when compared to moderate stocking in continuous, deferred 
rotation and SDG systems (Hepworth et al., 1991). Increasing the stocking rate on 
both continuous and SDG systems from moderate to heavy caused total herbage 
removal and tiller grazing frequency to increase (Hart et al., 1993). More tillers 
remained ungrazed under the moderate rates of stocking. These authors concluded 
that stocking rates have a much greater potential than do grazing systems for 
affecting the frequency and intensity of plant defoliation and subsequent changes in 
botanical composition of rangeland communities. Ralphs et al. (1990) found similar 
results, in that as the grazing season progressed, forage standing crop decreased as 
stocking rate was increased, becoming inversely proportional to stocking rate by 
autumn. The rate of standing crop decline was proportionally less than the increase 
in stocking rate; nevertheless, forage standing crop could not be maintained at higher 
stocking rates. Higher rates of stocking lead to reductions in productivity per 
animal, whereas productivity per unit area increases with higher stocking rates, to a 
point: at this point, forage scarcity leads to reductions in nutrient intake and animal 
performance (Skovlin et al., 1976). Heavier rates of stocking may maximize gross 
economic returns; however, net returns are maximized by moderate stocking rates 
(Shoop and Mcllvaine, 1971). Heavily stocked ranges have increased costs 
associated with higher death losses, increased supplemental feed costs, decreased 52 
weaning weights, more losses to poisonous plants, and loss of productive rangelands 
(Holechek et al., 1989). Using moderate to light stocking rates will increase 
productivity per animal and improve both the amount of forage standing crop and 
range condition, making grazing programs more sustainable in the long run. This is 
especially important in terms of developing forage reserves, to be used in times of 
drought or low forage production years; during these times, stocking rate 
adjustments will be much less if forage reserves are available (Holechek et al., 1989). 
As grazing intensity increases, individual animal performance decreases because of 
reductions in forage availability and subsequent reductions in diet quality and forage 
intake. The animal is forced to expend more energy in search of food, which is of 
lower quality, since diet selectivity has been reduced (Vavra et al., 1973). Stocking 
rate may also have an impact on grazing distribution. Increasing the number of 
animals in a given area may force them to graze over more of the range area, in order 
to acquire sufficient quantities of a high-quality diet. Increasing grazing pressure 
from light to moderate caused cattle to graze further from water and utilize steeper 
slopes; progressing season had the same effects as increasing stocking rate (Hart et 
al., 1991). 
An inherent problem with all grazing systems is the determination of how 
much forage to leave after grazing. A commonly heard rule is to "take half and leave 
half'. This type of system may work for extremely productive areas (Holechek, 
1988); however, semiarid sagebrush-bunchgrass and desert rangelands require a 
different set of guidelines. For sagebrush grassland, mountain shrubland and 
coniferous forest in good condition, with moderate grazing pressure, utilizing 30­
40% of the key forage species has been shown to adequately maintain range 
condition and productivity (Skovlin et al., 1976; Laycock and Conrad, 1981; 
Holechek, 1988). 53 
Speaking strictly from an ecological perspective, heavy stocking rates should 
not be used, since these tend to negatively impact range and forage condition. This 
is especially important now, as increasing public concern for rangeland condition and 
involvement in public land policy have made healthy, productive ranges a high 
priority issue. Animal performance and economic returns also suffer from high 
stocking rates. Moderate to light stocking rates increase the amount of forage 
available, maintain good range condition and enhance animal performance. Grazing 
systems advocating heavier stocking rates (i.e. HIHF, or Savory system) may only be 
practical on more fertile, higher producing areas, such as the southern mixed prairie. 
The bottom line in setting stocking rates for most range types and grazing systems is 
this:  it makes both economic and ecologic sense to use moderate to light stocking 
rates. 
Multiple Use 
Public lands are currently receiving a great deal of attention, as more and 
more groups, organizations and agencies are becoming involved in planning and 
decision-making processes involving public lands. The predominant management 
philosophy has become one of multiple resource use, which involves the use of the 
land for more than one purpose (Society for Range Management, 1974). Most 
rangelands will provide the greatest benefits when managed for several, rather than a 
single, use. Rangelands provide (in addition to livestock grazing), habitat for 
wildlife, waterfowl and fish, mining, recreation (hunting, camping), water production 
and scenic natural areas (Allen, 1988). While managing for a number of uses is much 
more complicated than for a single use, the diversity of resources on public lands 
make this process necessary. The following discussion will focus on livestock's 
effects on components of multiple use, and how livestock production can fit under 
the multiple use umbrella. 54 
Impacts on watersheds and water quality In arid regions, the retention of 
sufficient vegetation to reduce precipitation runoff and maximize water infiltration 
can be a big challenge. Heavy livestock grazing can reduce water infiltration and 
increase runoff through the mechanisms of soil compaction (Thurow et al., 1986), 
which reduces the pore spaces in soil (Rauzi and Hanson, 1966), thereby reducing 
the rate of infiltration. Forage present on the soil surface can halt or prevent the 
overland movement of water from rain showers, causing it to pool on the surface and 
slowly move into the soil profile - a process known as "capture, storage and safe 
release." High levels of grazing intensity, either from increased stocking rates or 
SDG systems, can increase runoff and erosion, compared to moderately stocked 
continuous systems (Hanson et al., 1970; Thurow et al., 1986). Increases in runoff 
and erosion leads to increased sediment loads in streams, which reduces water quality 
and adversely impacts fisheries and fish habitat. Increased erosion and runoff may 
also decrease the productivity of riparian areas; increased amounts of sediment cause 
streams to become shallower and wider (Chaney et al., 1993). The accelerated 
runoff can also increase erosion on these riparian areas. Excessive livestockuse of 
riparian areas can elevate fecal coliform bacteria counts in streamwater (Tiedemann 
et al., 1987). Levels of bacteria increase as the intensity of livestock use increases, in 
terms of animal numbers, frequency of grazing, and access to the stream. Livestock 
dispersion and distribution should be improved, in order to reduce their 
concentrations on riparian areas and reduce bacterial levels in stream water. 
Fisheries The proper management of both riparian areas and associated 
uplands is critically important to the maintenance of fish habitat. Excessive riparian 
grazing degrades fish habitat by widening the stream channel through trampling of 
streambanks and removal of streamside vegetation, such as willow (Salix spp.), 
which anchors streambank soil and helps protect against erosion. This results in 
fewer undercut banks, less vegetation overhanging the stream, shallower water and 55 
warmer temperatures, all of which are unfavorable to fish. Increased runoff and 
erosion from overgrazed uplands increases the amount of sediment deposited in 
stream bottoms, which has the effect of decreasing the depth and increasing the 
width of the stream, leading to problems such as lower 02 content, reduced 
vegetative cover and higher water temperatures (Platts, 1981). This also has the 
effect of raising or reducing the water table, which reduces the productivity of forage 
in riparian areas (Chaney et al., 1993). Range management practices designed to 
reduce grazing pressure on riparian areas resulted in improvements in streambank 
stability, riparian area conditions, fish habitat and number of trout (Bowers et al., 
1979); similar effects were noted when grazing pressure was reduced and forage 
production increased on both riparian areas and their associated uplands (Allen, 
1988). Increasing forage production, either by reseeding or by reducing grazing 
intensity, will aid in decreasing runoff and erosion, thereby reducing sediment loads 
and causing streams to narrow and deepen (Chaney et al., 1993). This lowers the 
water temperature and deepens the water table, which leads to increased forage 
production. Reducing or limiting livestock use of riparian areas increases the 
production of streamside vegetation (especially willows), which stabilizes 
streambanks, protects banks from erosion and widening, and cools the water via 
shading. All of these mechanisms will aid in improving fish habitat and numbers, as 
well as water quality. 
Timber and grazing In the Pacific Northwest, most of the forested areas 
are comprised of either Douglas fir or ponderosa pine. These forests serve as 
seasonal summer ranges for livestock and are typically grazed from two to four 
months by producers holding Forest Service grazing permits. In addition, big game 
species such as elk (Cervus spp.) and deer (Odocoileus spp.) graze in these forests. 
Clear-cutting is the principle means of harvesting timber along the Cascade and 
Coast ranges of Oregon. This process opens up tracts of land by removing the 56 
canopy cover of large numbers of trees; this canopy intercepts light and precipitation, 
causing understory vegetation to be quite limited. Opening these stands via logging 
will improve the forage conditions for both livestock and big game animals (Adams, 
1975). Hedrick (1975) found that herbage production was increased nearly six times 
in open versus closed stands of mixed coniferous forests in eastern Oregon. While 
foresters have long been concerned about the effects of livestock grazing on the 
health of tree seedlings, recent research from western Oregon (Sharrowet al., 1989; 
Doescher, 1993) shows that prescription grazing by cattle and sheep can increase the 
growth and survival of Douglas fir seedlings by suppressing brush and herbaceous 
vegetation, which competes with the young seedlings for nutrients and soil moisture. 
This practice has the additional economic benefit of providing extra returns, in the 
form of livestock production, from forested lands. Livestock do very little damage 
to conifer seedlings, if grazing is properly timed and controlled. Grazing early in the 
growing season when grass and brush are actively growing will cause animals to 
focus on these species and not on tree seedlings. This also has the greatest negative 
effect on the understory vegetation, in terms of reducing plant growth and activity; 
this is the primary goal of this grazing practice. Grazing too late in the year or for 
too long may cause livestock to begin browsing on conifer seedlings, due to the poor 
diet quality of the understory vegetation. Rhodes and Sharrow (1990) reported that 
sheep grazing of Douglas fir plantations during the summer improved fall forage 
quality and quantity of high quality spring forage for big game. Grazing on forest 
lands appears to have little impact on timber production, while providing an 
additional resource use and income source; however, other concerns, such as fish 
habitat and recreational uses, must also be considered. Current concerns of old-
growth forests and endangered species such as the spotted owl raise the possibility 
that both timber harvesting and livestock grazing on forested lands may be 
dramatically reduced. 57 
Livestock grazing and recreation Recreational use of western rangelands 
has increased tremendously in recent years. This has come about from major 
increases in the populations in western states, increased emphasis on leisure activities 
and the increased interests in public lands of more and more individuals and groups. 
In certain areas, such as central Oregon and central Colorado, recreation has 
surpassed livestock grazing in terms of economic importance. Common recreation 
uses of public lands include hiking, hunting, camping, bird watching, fishing, and 
rockhounding (Allen, 1988). Western rangelands are being increasingly developed; 
this is impacting both wildlife and livestock grazing (Holechek et al., 1989). Housing 
subdivisions and vacation homes are being built mainly in valleys of the 
intermountain West. This effectively removes wintering bases for many livestock 
producers, and makes the grazing of surrounding upland summer range impractical. 
Big game are also affected, since much of their winter range is removed. A recent 
article in Bugle magazine, a publication of the Rocky Mountain Elk Foundation, 
described the plight of wintering elk in the Wasatch Range of northern Utah. Much 
of their winter range has been swallowed up in the expansion of Provo, Salt Lake 
City and other municipalities in this area. Oregon has been active in the development 
and implementation of legislation which restricts or limits development and strives to 
keep a balance between agriculture and urban development. 
Recreational uses of rangeland does offer ranchers the opportunity to 
diversify their operations by adding fee hunting or fishing, packing trips or camping 
areas, which can increase their income from their private ranges. However, on public 
rangeland, grazing and recreational use may conflict. Off-road vehicle use can 
damage plants and soils, especially if use is excessive or is conducted when soils are 
wet (Payne et al., 1983). Vandalism, unrestricted camping, hiking or other activities 
can disrupt grazing animal activity and production and may also contribute to 
rangeland degradation. Hiking and recreational livestock use (horses or llamas) 58 
definitely disturbs vegetation, soils, wildlife and water (Cole, 1989), as do domestic 
stock (cattle). The public's increasing involvement with the planning and decision-
making processes on public lands and their sensitivity to the range environment will 
continue to affect range management. Special care must be taken to ensure that 
grazing practices do not disrupt or alter range condition. Recreational users 
responded favorably to ranges where livestock grazing has little impact on the range 
resource (Sanderson et al., 1986). Even grazing distribution, a minimum of visible 
management practices (fences, water developments), healthy, abundant forage and 
clear water were all favorably received. Grazing practices which minimally impact 
the forage resource (moderate or light grazing; deferred grazing) should have little 
impact on recreational use of rangelands. Minimizing the interaction between 
livestock and recreational users through improved livestock distribution may also 
reduce potential conflicts. Riparian areas are heavily favored by campers, hunters, 
fishermen, and wildlife and bird watchers - these areas must receive special attention. 
Grazing rangelands during times when recreational demands for the range resource 
are minimal (such as winter) is another mechanism to reduce the potential for 
conflict. 
Wildlife Range and grazing management strategies which actively promote 
and encourage healthy and productive forage bases and watersheds will have a 
positive effect on wildlife. Big game species (elk, mule deer, antelope, bighorn 
sheep), waterfowl, fish and raptors all responded favorably to improved range 
management and condition in southeastern Oregon (Allen, 1988); practices included 
range rehabilitation and improved grazing management. Although cattle and big 
game do not graze together as a rule, competition for available forage may be a 
problem in some areas, such as winter ranges. Deer and elk prefer pastures and 
ranges where cattle are not present (Skovlin et al., 1976; Yeo et al., 1993). When 
rest-rotation grazing is practiced, elk appear to prefer pastures that are being rested, 59 
while mule deer graze habitats and areas previously used by cattle (Yeo et al., 1993). 
Hart et al. (1991) also observed that elk will avoid areas previously grazed by cattle. 
Heavy livestock grazing can reduce the number and type of available plant species; 
thus, in areas where big game and livestock share the same habitat, reduction in plant 
diversity can reduce the quality of big game diets, since the opportunity for diet 
selection is reduced (Bryant et al., 1981). As well as reducing plant or diet diversity, 
excessively grazed areas may lack sufficient escape cover for wildlife (Brown, 1978). 
Moderate to light grazing may promote species diversity, especially in terms of forb 
production (Krueger and Winward, 1974); this can dramatically improve wildlife 
habitat. 
Proper grazing management can also have a minimal impact on game birds. 
Deferred and rest-rotation grazing programs may be the most beneficial, as long as 
periods of nonuse occur during nesting and chick-rearing. Klebenow (1980) 
reported that rest-rotation grazing improved sage grouse habitat in northern Nevada. 
Equally important is the utilization of light to moderate stocking rates and the 
improvement of grazing distribution in order to minimize the destruction of 
important habitat. Minimizing grazing livestock impact on riparian and wetland areas 
should improve waterfowl habitat and populations of ducks, geese and other 
waterfowl. 
Several studies have shown that multiple use management favors both 
livestock and wildlife. Bastian et al. (1991) concluded that Red Desert rangeland in 
Wyoming was best managed for multiple use rather than strictly for either cattle or 
pronghorn antelope (Antilocapra americana). Managing for only one use would 
result in a loss of social welfare, underutilization of a renewable resource (forage) 
and adversely affect economic returns. Bernardo et al. (1992) stated that vegetation 
programs designed for livestock only or livestock and wildlife are somewhat 
different, and that to support multiple species, a diversity of plants (grass, forbs and 60 
shrubs) are needed; however, the type of program used should depend on the goals 
of the operator. On many public land ranges, some degree of competition exists 
between wildlife and domestic livestock. Elk and cattle are grazers and consume 
similar diets, while deer and antelope are browsers and prefer forbs and shrubs 
(Holechek et al., 1989). Bighorn sheep prefer forbs over grasses, which should 
minimize their competition with livestock (Wikeem and Pitt, 1991). In addition to 
forage, livestock and wildlife may also compete for habitat and water. In some areas, 
such as southwestern Montana (Lacey et al., 1993) and northeastern Oregon, high 
numbers of big game animals can become a problem. Deer and elk can damage crops 
and forage, which increases production costs of landowners and livestock producers; 
thus, competition is a two-way street. While livestock have always had an easily 
measurable economic value, the value of wildlife is not as obvious (Loomis et al., 
1991). When estimating the value of range forage for elk, deer and livestock in 
central Idaho, Loomis et al. (1989) determined that, in this area, wildlife are 
economically competitive with cattle, and that both livestock and wildlife needs 
should influence the season of use, the timing of grazing and optimal stocking levels. 
Livestock grazing programs for wildlife When forage provision for 
wildlife is a concern in designing a grazing program, the most critical variable to 
control is grazing pressure. Excessive grazing will reduce species diversity and the 
subsequent quality of the diet selected by wildlife. Elk are the only big game species 
whose diet and pattern of grazing correspond closely to that of cattle, especially 
when they are found on the same range (Holechek et al., 1989). However, cattle 
and elk use ranges at different times of the year (Miller and Krueger, 1976), as well 
as using different areas of the range (Hart et al., 1991; Yeo et al., 1993). Antelope 
and deer prefer forbs and shrubs, which cattle will normally avoid. Under conditions 
of reduced forage availability (drought, excessive grazing), cattle will shift their diet 
to include more forbs and shrubs, which increases their competition with wildlife. 61 
Grazing at moderate to light intensities should ensure adequate forage diversity and 
availability for wildlife. Deferring grazing of ranges used by wildlife at certain times 
of the year can reduce competition, since deer and elk prefer ranges with no cattle 
(Skovlin et al., 1976). Grazing of elk winter range by cattle in the early spring may 
improve the quality of winter forage for elk in northeastern Oregon (Anderson and 
Scherzinger, 1975); however, Skovlin et al. (1983) reported that spring cattle 
grazing reduced winter elk use when compared to ungrazed ranges, implying that 
other factors stimulated elk movement into the pastures described by Anderson and 
Scherzinger (1975). Avoiding critical wildlife areas (nesting sites, chick rearing 
areas, wintering grounds) via grazing deferment should provide favorable wildlife 
responses. Enhancing livestock distribution, while preventing excessive use of 
critical areas, may also force more livestock-wildlife interactions (Mackie, 1978); this 
may affect wildlife behavior, as well as increase the risk for disease transmission. 
The management and use of public rangeland has become a highly 
controversial topic. Conflicts have recently arisen as conservationists and 
recreational users have increased their interest and participation in management and 
decisions involving public lands (Bastian et al., 1991). West (1993) stated that while 
management alterations to reflect concerns of biodiversity and multiple use will first 
occur on federal lands in the western U.S., society's increased interest in biodiversity 
will cause many private rangelands to be influenced by multiple use regulations. 
Standiford and Howitt (1993) evaluated different use methods on California 
hardwood rangelands. They reported that management practices can be manipulated 
in order to emphasis certain land uses (such as maintaining timber stands for hunting 
and firewood cutting) more than others, depending on the goals and objectives of 
landowners or managers. They also cautioned that increased numbers and diversity 
of demands made on range resources will make multiple use management even more 
important (and difficult). This is a complex task - no matter what happens, some 62 
group or area of interest will not like the action being taken. The formation of 
working groups such as the Oregon Watershed Improvement Coalition, or OWIC, 
comprised of a wide variety of rangeland users is one way to go about resolving 
these crises. In any case, it is a diverse, complex practice that is still being studied, 
practiced and tried, often by trial and error. 
Diet Quality 
Seasonal effects Cool-season, temperate plants begin growth when soil 
temperatures are favorable. This early growth is of high quality, as the plants are 
active photosynthetically, producing sugars and other nutrients; plant cell wall is 
relatively low and unlignified, making carbohydrates and proteins more readily 
available, and the leaf: stem ratio is high (Van Soest,  1982). Lower temperatures and 
abundant soil moisture promote growth and keep plants in a vegetative state. As 
temperatures begin increasing and soil moisture becomes limiting with advances in 
season, forage (and diet) quality begins to decline. Van Soest (1982) stated that 
although increased light tends to promote increased photosynthesis and improves 
forage quality, the effects of higher environmental temperatures may override this 
mechanism. Higher temperatures increase the plant's rate of metabolic activity, 
drawing down the pool size of metabolites in cells. Products of photosynthesis 
(sugars) are being converted into structural components such as cellulose; this 
decreases available protein and soluble carbohydrate, which are high-quality 
components of plants. 
Increased amounts of sunlight promotes sugar accumulation and reduces 
plant cell wall by increasing the amount of nonstructural carbohydrates, amino acids 
and organic acids that are not converted to structural components. Warm-season 
grasses in the tallgrass prairie undergo similar processes during periods of high light 
and active growth (Ball et al.,  1978; Campbell and McCollum,  1988). Reductions in 63 
diet quality as seasons advance is primarily the result of increased fiber 
concentrations and lesser amounts of available protein in forage as it matures. 
Increases in cell wall lignification and decreases in leaf stem ratios also contribute to 
reductions in the nutritive value of forages. Cool-season grasses show similar 
patterns of quality decline. Crested wheatgrass reached maximum levels of CP in 
early June before declining rapidly and continuously for the remainder of the growing 
season (Hyder and Sneva, 1963). Similar declines in digestible protein were noted 
for bluebunch wheatgrass as seasons progressed in Utah (Cook et al., 1956). 
Bluebunch wheatgrass digestibility was at its highest in April, then declined from 
April to June and continued to decline rapidly throughout the summer in eastern 
Oregon (Wallace et al., 1961). Van Soest (1982) stated that water stress will retard 
plant development and therefore maturity, resulting in reductions in dry matter (DM) 
yield, but increases in forage digestibility. Under dry environmental conditions, 
bluebunch wheatgrass exhibits a higher nutrient content because the nutrients are 
concentrated in a smaller amount of aboveground biomass. A higher ratio of more 
nutritious vegetative shoots to reproductive shoots are also common to these plants 
during drought (Miller et al., 1986). However, in arid regions, perennial plants 
adapted to low levels of precipitation may revert to dormancy during periods of 
drought, transporting nutrients back into roots and leaving stems and leaves which 
are of low nutritive value (Van Soest, 1985). Annual plants may remain highly 
nutritious at maturity, since seeds contain high levels of storage carbohydrates (Van 
Soest, 1982). As temperatures decline in the fall, plants may initiate new growth if 
soil moisture or precipitation is available (Richards and Caldwell, 1985; Miller and 
Rose, 1992). Holechek et al. (1981) reported that summer precipitation and fall 
regrowth on mountain grasslands in northeastern Oregon provided forage with 
higher in vitro organic matter digestibility (OMD) values, when compared to fall 
forage available on forested range. Forage regrowth should be more nutritious and 64 
palatable later in the season than previously ungrazed forage, since regrowth is highly 
vegetative and in a less advanced stage of maturity (Vallentine, 1990). Crested 
wheatgrass regrowth later in the growing season contained high levels of CP and 
OMD (Angell et al., 1990; Maylands et al., 1992). This regrowth is comprised 
mostly of vegetative leaves of high quality. Also, these leaves are photosynthetically 
active, which increases their nutrient content and the quality of available forage. As 
winter approaches, plants again become dormant and exhibit characteristics of low 
quality, including increases in fiber concentrations and lower nutrient availability. 
Nelson et al. (1989) reported reduced CP concentrations and increased fiber levels in 
mature intermediate wheatgrass forage. Increases in maturity of both tall fescue 
(McCracken et al., 1993a) and intermediate wheatgrass (Park et al., 1994) forage 
caused organic matter intakes, digesta passage rates, ruminal ammonia levels, and in 
vitro OM disappearance values to decline. Results from these studies indicate that 
diet quality, while high early in the growing season, will decline rapidly with 
advancing seasons, as cool-season forages increase in maturity. 
Environmental effects Warmer temperatures tend to promote rapid plant 
growth rates, resulting in elevated cell wall contents and lower forage quality. 
Increasing amounts of light have the opposite effect - nonstructural carbohydrate and 
sugar levels increase, at the expense of cell wall (Van Soest, 1982). Precipitation or 
water also effects forage quality, and in arid environments available moisture may be 
the single most important factor determining plant productivity. During years in 
which favorable moisture is received, more plant growth may be directed toward 
elongation of reproductive stems (Hyder and Sneva, 1963; Miller et al., 1990). 
Reproductive stems are generally of lower quality than leaves (Van Soest, 1982). 
Lower levels of precipitation may induce plants to go dormant at a time when most 
nutrients are still in the leaves and other aboveground growing points. Higher levels 
of precipitation can function similarly to increases in temperature, by stimulating 65 
plant growth and directing more nutrients toward structural formations. In contrast, 
Holechek et al. (1982) reported that total May and June precipitation values were 
highly and positively correlated with dietary CP values for late summer riparian 
meadows in northeastern Oregon; this precipitation may have been associated with 
plant regrowth. Precipitation received during summer allowed regrowth to occur in 
an earlier study (Holechek et al., 1981), which improved forage quality for late 
season grazing. A principle method by which precipitation affects diet quality is 
through forage production. Environmental conditions which allow forage production 
to increase will enhance the animal's ability to selectively graze a high-quality diet, 
since more choices will be available. Sneva (1977) found precipitation received 
during the growing season to be highly correlated with dry matter accumulation, 
while Angell et al. (1990) reported regrowth CP content to be positively and highly 
correlated with early summer precipitation. The amount of precipitation received 
appears to be the primary determinant of the mature yield of produced forage 
(Blaisdell, 1958; Sneva, 1982). Timing of precipitation is as important, in many 
instances, as the total amount received (Holechek et al., 1989). Precipitation 
received during periods of active plant growth will increase forage production, 
compared to larger amounts of precipitation that occur when forage is not growing. 
When moisture is available, regrowth will occur and provide high-quality late-season 
forage (Holechek et al., 1981; Angell et al., 1990). Abundant early-season 
precipitation may allow forage to remain green and actively growing longer into the 
season. Factors other than moisture can impact forage production. Production can 
be lower after a succession of wet years (Sneva and Britton, 1983; Miller et al., 
1990), due to reduced availability of N. A succession of damp years may have either 
leached N from the soil profile, or plant growth during these periods may have 66 
utilized most of the available N. Fisher et al. (1987) hypothesized that increased soil 
moisture availability eventually leads to losses of N as rapid mineralization converts 
organic N to inorganic forms, which are then lost from the soil. 
The environment can also impact diet quality during the winter period. 
Under severe winter weather conditions, animals may be forced to select lower-
quality diets because of reduced forage availability caused by excessive snow cover. 
This can lead to reductions in forage intake and animal performance (Kartchner, 
1981). Although cold temperatures cause maintenance energy requirements to 
increase as animals try to maintain a constant body temperature (NRC, 1981), 
grazing behavior is often reduced during cold winter weather (Malechek and Smith, 
1976; Adams et al., 1986). Decreased searching and grazing activity can further 
reduce diet quality by minimizing the selective grazing process. Dormant winter 
forage quality may be more uniform across range sites and forage species; this would 
reduce diet selectivity and decrease diet quality. However, Lofgreen and Meyer 
(1956) reported that selective grazing may be more pronounced with mature rather 
than with immature forages. Since the effects of temperature, light and precipitation 
interact, it is difficult to separate which environmental variable has the greatest effect 
or is causing the response. For example, during summer temperatures are elevated 
and light is elevated, but precipitation is usually low. Forage quality is typically in 
decline because of temperature and precipitation effects; however, if cloudy, cool, 
wet days predominate, forage quality remains high. The opposite is true in winter 
(low temperature, low light, higher precipitation). The only thing that can be said 
with certainty is that all environmental variables are important. 
Grazing effects Plant defoliation does not instantly affect diet quality. 
Quality of the plant at the time of defoliation has already been impacted by other 
factors (mostly environmental). Defoliation will promote plant regrowth in the 
presence of available soil moisture (Miller et al., 1986; Maylands et al., 1992). This 67 
regrowth is frequently of high quality and is often occurring at times of otherwise 
low forage quality (Holechek et al., 1981). Apical meristem removal will stimulate 
tillering in grasses (Hyder and Sneva, 1963). Delayed growth of defoliated plants 
should ensure that higher numbers of vegetative tillers and less mature forage will be 
present at a given point in the growing season (Richards and Caldwell, 1985). 
Anderson and Scherzinger (1975) proposed using spring cattle grazing to enhance 
winter forage for elk through the delaying of plant phenology until later in the 
growing season. Plants would be more vegetative when they become dormant; this 
would leave aboveground forage of higher quality for winter use.  Although Pitt 
(1986) reported results with bluebunch wheatgrass that agreed with this hypothesis, 
Skovlin et al. (1983) found that spring grazing of southeastern Washington 
rangelands of predominantly Idaho fescue reduced winter elk use, when compared to 
ranges that were not grazed by cattle. These conflicting results could be explained 
by factors other than changes in forage quality which may have influenced elk 
movement (habitat, cover, etc...). 
The timing of grazing is also important; grazing prior to apical meristem 
elevation allows plants more time to recover from grazing by regrowing leaves to 
resume optimal rates of photosynthesis and to rebuild carbohydrate reserves. 
Grazing plants after apical meristem elongation (approximately late May for most 
cool-season bunchgrasses) may not ensure adequate time or conditions for regrowth 
(Miller et al., 1990). Rhodes and Sharrow (1990) reported that summer sheep 
grazing improved fall forage quality and increased the quantity of high-quality spring 
forage for big game in Douglas fir plantations in the Coast Range of Oregon. Fall 
cattle grazing improved the quality of spring forage for mule deer in Canada (Willms 
et al., 1979). Delaying defoliation of tropical grasses until late in the season can 
reduce the rate of live herbage accumulation (regrowth; Tate et al., 1994). Delaying 
the harvest of cool-season grasses until early July (after flowering) provides for 68 
higher DM yields of lower-quality forage (Leyshon and Campbell, 1992). Winter 
grazing can reduce diet quality of dormant range forage if forage availability is 
limiting, thereby reducing selective grazing opportunities (Kartchner, 1981). 
Intensity of grazing may also affect the quality of available forage. Heavy stocking 
rates increase the amount of herbage removed, as well as the frequency with which 
individual tillers are grazed (Hart et al., 1993). Reducing stocking rates can increase 
total herbage production (Van Poollen and Lacey, 1979). While little or no 
differences exist between many types of grazing systems and their effects on diet 
quality (Nelson et al., 1989; Walker et al., 1989; Taylor et al., 1993), systems which 
promote light use and rest or grazing deferment may be best suited for arid western 
rangelands (Holechek et al., 1989). Moderate to lightly stocked continuous systems 
would provide increased opportunities for selective grazing while reducing animal 
impact or use of specific or individual plants. Deferred, rest-rotation and seasonal-
suitability systems allow plants longer periods of time to recover from grazing and 
protects plants from grazing at critical times. 
Influence of Rangeland Environment on Plant Growth and Production 
Many different environmental variables contribute to the physical, morphological and 
physiological growth patterns of plants. The immediate environment of range plants 
is constantly changing; this is especially true in the northern Great Basin, where 
weather patterns are sometimes extreme and physical land factors vary greatly, 
sometimes in the same pasture. Some of these environmental factors which influence 
plant growth and production include soil characteristics, slope, aspect, precipitation, 
wind, temperature and light (Holechek et al., 1989). 
Soils Soils play a major role in determining the forage production potential 
of a given range. The interaction of various soil characteristics with the climate will 
determine the type and amount of vegetation that an area can support. Different 69 
plants require different characteristic soil types and perform better on certain soils 
(Passey et al., 1982). Some soil characteristics that are possibly related to plant 
production include clay, OM and N content, plant litter and percentage water - these 
variables tend to be positively related to plant productivity. Soil characteristics 
negatively related to the production of most common plant species include: soil bulk 
density, pH, salt content and the percentage of bare soil surface (Passey et al., 1982). 
Soil texture and structure are important determinants of soil fertility and soil 
moisture. Clay soils have a greater number of soil particles than do sandy soils, 
enabling them to bind with and retain nutrients. Sandy soils allow increased amounts 
of water infiltration and are more favorable for plants growing in areas which receive 
limited amounts of precipitation in infrequent, heavy amounts, since more of this 
moisture enters the soil and is not lost to overland flow or evaporation (Brady, 
1974). The amount of moisture stored in soils at the onset of the grazing season is a 
prime determinant of forage production (Passey et al., 1982). Deep soils of neutral 
pH (approximately 7) are favored by most plants, although some plants favor highly 
alkaline or highly basic soils (Stubbendieck et al., 1986). Soil OM consists of 
decayed plant and animal material. It provides a nutrient source for plants, prevents 
water and nutrients from leaching out of the soil profile and provides a food source 
for microorganisms (Risser, 1984). Plant litter and soil OM can increase soil 
aggregation, improve soil stability and infiltration rate and decrease harmful effects of 
raindrop impacts, runoff, erosion and soil surface evaporation (Tomanek, 1969). 
Plant litter acts as a physical barrier to heat and water flow at the soil surface, 
altering the microenvironment of plants and soil. Litter conserves soil moisture by 
reducing evaporation, but reduces water input by intercepting water equivalent to 
about twice the weight of litter (Naeth et al., 1991; Willms et al., 1993); interception 
losses from small storms can be quite high (Couturier and Ripley, 1973). Soil 
fertility is extremely important for optimum forage production, being second only to 70 
water in arid environments. Nitrogen is frequently the most limiting nutrient, and 
addition of N fertilizer can dramatically increase forage production (Mason and 
Miltimore, 1959; Wikeem et al., 1989), although this response is diminished as soil 
water declines (Sneva, 1963) and may be negligible in dry years (Miller et al., 1986). 
Other elements may be limiting as well, depending on location and amount of 
leaching (downwashing of soil minerals from precipitation). 
Topography Differences in topography between different range areas (Great 
Basin vs. Great Plains) largely explains some differences in the climate and 
vegetation. Increases in elevation cause the same phenological changes that occur as 
one moves north with no increase in elevation (Hopkins, 1938). Early in the growing 
season, forage may be ready and available for grazing on low-elevation ranges, but 
surrounding mountains are still covered in snow. Mountain rangelands will be of 
higher forage quality later in the summer, because plants are in a vegetative, highly 
nutritious state, due to differences in plant age and phenology. Holechek et al. 
(1981) reported that grasslands in eastern Oregon are of higher quality early in the 
season. As the season advances, forested lands exhibit improved forage quality, due 
to younger, more vegetative plants as well as an increased diversity of plants (forbs 
and shrubs) which may retain their nutritive quality longer than grasses. These 
authors recommended grazing systems that would take advantage of these trends. 
The degree of slope also influences plant production. Increases in the steepness of 
slope leads to decreases in forage production due to overland flow of water and 
reduced entry of water into the soil profile. Decreased cattle use of steep slopes may 
also affect forage production - either negatively, by allowing formation of overgrown 
wolf plants, or positively, through reduced grazing pressure and trampling, which 
may further accelerate runoff. 
Aspect The directional orientation of slopes is known as aspect. South-
facing slopes tend to be warmer than north-facing slopes, since they receive more 71 
direct sunlight; therefore, forage growth is initiated earlier in the year on south-facing 
slopes and ridges. As the season progresses, north slopes will contain forage which 
is in a less advanced stage of growth. These slopes are usually more productive, 
because temperatures are cooler, forage quality is retained longer, and more moisture 
is available, since evaporation rates are slower (less direct sunlight). In addition, 
species such as Idaho fescue are found more often on north-facing slopes (Lentz and 
Simonson, 1986). This is an "ice-cream plant" (Vallentine, 1990), which is favored 
and extensively grazed by livestock. During winter, animals favor south slopes 
because temperatures are warmer and open feed is available, due to snow melt. 
These slopes warm up earlier, causing snow melt and early forage growth and 
development; however, these sites also dry out sooner, causing earlier cessation of 
plant growth. When this occurs, animals will move to and concentrate on north 
slopes, where forage quality is still high. During winter, cattle may also concentrate 
on ridges, where wind has removed snow and made forage available. 
Influence of moisture Van Soest (1985) stated that the three most 
important environmental factors affecting forage production are temperature, light 
and precipitation, in that order. However, in arid regions, precipitation may be the 
single most important factor determining the type and productivity of vegetation in 
an area. Characteristics of precipitation which affect vegetation include total 
amount, distribution, form and annual variability (Holechek et al., 1989). Sneva 
(1977) found that precipitation variates of at least eight consecutive months were 
significantly and positively correlated with mature plant herbage yield. Forage 
production increases rapidly as precipitation increases up to 500 mm per year. 
However, on western rangelands, 80% of the land area receives <500 mm of annual 
average precipitation. The Great Basin lies between the Sierra Nevada and Cascade 
mountain ranges to the west and the Rocky Mountains to the east. Moisture from 
the Pacific Ocean is trapped and released by the western mountains, causing the 72 
Great Basin to lie in the "rain shadow" of these mountains; this is the reason for the 
region's aridity. As the annual precipitation total drops below 450 mm per year, the 
variability of this precipitation increases rapidly (Conrad and Pollak, 1950). In areas 
receiving less than 300 mm of annual precipitation (which includes most of 
southeastern Oregon), even slight reductions from normal precipitation levels can 
cause severe reductions in plant yield (Klages, 1942). Variability of precipitation can 
have a greater influence than the total precipitation level. Holechek et al. (1989) 
provided an example of precipitation timing on desert range in New Mexico. One 
year (1979) received total precipitation levels well below average, but received it 
during the time of year (summer) of active plant growth. Forage yields were higher 
than in the following year (1980), when an average amount was received, but 
occurred at a time when perennial grass growth was not occurring. Other studies 
have shown that the absolute amount of precipitation received is the primary 
determinant of mature herbage yield (Blaisdell, 1958; Sneva, 1982). These authors 
found the following associations between precipitation and plant growth: 1. 
Precipitation amounts received over a long period of time are correlated strongly 
with subsequent forage yield; and 2. Aggregate herbage yield is correlated with 
precipitation to a greater extent than are yields of individual species. Precipitation 
amount and timing definitely can impact forage production. 
Increases in the amount of precipitation received will increase the DM yield 
and cell wall components of forages (Deinum et al., 1968; Van Soest, 1978). 
Moisture-induced increases in plant cell wall content contribute to reductions in 
forage digestibility and water-soluble carbohydrates (Van Soest et al., 1978), as 
changes in plant metabolism direct more nutrients toward components of structural 
growth (Van Soest, 1985). Increases in moisture promote plant developments such 
as increases in cell wall content, in addition to enhancing the reproductive status of 
the plant; these changes will reduce forage quality (Van Soest, 1982). This is 73 
especially evident in forages grown in the tropics, where conditions of high moisture 
and low light (wet, cloudy weather) causes forage quality and digestibility to be quite 
low, due to elevated fiber levels (Van Soest, 1978). In years where growing 
conditions are favorable, plants may place more emphasis on reproducing than on 
maximizing production. Hyder and Sneva (1963) reported that in favorable growing 
conditions, a higher proportion of apical meristems may be differentiated to 
reproductive status. This decreases the leafstem ratio, which is associated with 
reduced forage quality (Van Soest, 1982).  Holechek et al. (1982) reported that on 
northeastern Oregon riparian meadows, total May and June precipitation values were 
highly and positively correlated with forage CP values for late summer (r = 1.0) and 
fall (r = .99). Precipitation and(or) soil moisture, when present, can maintain active 
plant growth and prolong the green feed period. During spring and early summer, 
net carbon assimilation rates of bluebunch wheatgrass are at their highest; this 
corresponds to environmental conditions of optimum temperatures for 
photosynthesis and abundant water supply (DePuit and Caldwell, 1975). However, 
moisture is not the only environmental variable which affects plant production. The 
presence of two to three consecutive wet years in an and environment can cause 
plant growth to decline at the end of this period (Sneva and Britton, 1983; Miller et 
al., 1990). This reduction may be due to limited amounts of available N. Successive 
wet years may leach N out of the soil profile or cause organic N to be mineralized to 
inorganic forms, which are then lost from the soil (Fisher et al., 1987). 
While adequate soil moisture is essential for normal plant growth, the water 
status within the plant tissues is also critical (Levitt, 1972). The availability of soil 
moisture and the amount of transpiration from leaf surfaces will influence the water 
status of the plant. Cell division and cell enlargement may be retarded or even 
stopped by moderate water deficiencies. Decreased leaf growth occurs well before 
water stress becomes severe enough to cause stomatal closure and reduce 74 
photosynthetic rates. Leaf growth will recover quickly following the addition of 
water, but photosynthesis takes longer to recover (Smith and Nelson, 1985). 
Water stress tends to retard plant development, resulting in plants of a 
younger physiological age which are highly digestible; however, DM yields are 
reduced by low moisture levels (Snaydon, 1972; Van Soest, 1982). In regions that 
typically receive higher levels of precipitation, moisture stress causes plants to 
become dormant, trapping most available nutrients in the aboveground biomass and 
improving diet quality (Van Soest, 1982). Bluebunch wheatgrass may increase in 
forage quality and nutrient content during drier periods, due to higher concentrations 
of nutrients in a smaller volume of aboveground biomass and a higher ratio of 
nutritious vegetative shoots to reproductive stems (Miller et al., 1986). Plants under 
water stress often accumulate nonstructural carbohydrates, due to growth 
impairment prior to times of photosynthesis decline - plants are still accumulating the 
end products of photosynthesis, but use of these products for root growth, leaf 
extension and reproduction is minimized. This may allow plants to rapidly initiate 
growth when stresses such as drought or drought plus defoliation are alleviated, 
since carbohydrate concentrations have built up in plant storage organs during the 
period of stress (Basso et al., 1990). These nonstructural carbohydrates may 
stimulate plant growth only when apical meristems are present and active on tillers; 
removal of these tillers, via grazing, during the period of plant dormancy may greatly 
reduce the plant's potential for regrowth. However, in desert regions, adapted 
perennial plants may revert to dormancy during dry periods, transporting nutrients to 
the roots and leaving an aerial portion of low nutritive value (Van Soest, 1982). 
Utilizing available energy reserves and nutrients for root growth can improve water 
uptake and allow plants to survive and continue respiration processes during dry 
periods. When water again becomes available, plants will be in position to make 
optimum use of this moisture. Johnson and Aguirre (1991) concluded that crested 75 
wheatgrass seedlings exhibiting increased root densities and root lengths under 
conditions of low soil moisture are better able to subsist in arid environments and 
compete with aggressive annual species like cheatgrass. 
Humidity, or the amount of moisture in the air, can affect the growth 
processes of the plant. As relative humidity decreases, transpiration and evaporative 
water losses are increased. Areas with high relative humidity can hold more water in 
the atmosphere than low humidity areas, making more available for plant use. This 
may help explain why more productive areas, such as the southeastern U.S. or the 
tallgrass prairie are located in regions of higher relative humidity. Winds can reduces 
the effectiveness of precipitation by increasing the rate of transpiration and soil 
evaporation losses. High temperatures increase the evaporative potential of wind 
(Holechek et al., 1989). Windy spring weather in the Great Basin can remove much 
of the precipitation from the upper soil profile before temperatures become warm 
enough to initiate spring growth. 
Light Sunlight is the energy source of the plant, and exerts its effects on 
plant metabolism through the process of photosynthesis. The end product of plant 
photosynthesis is the sugar glucose; increased amounts of light promotes the 
accumulation of these sugars, and also increases the metabolism of N (Van Soest, 
1985). Plant cell wall components are reduced as light amounts and concentrations 
increase, through the dilution of nonstructural carbohydrates, amino acids and 
organic acids formed through photosynthesis. Total light sets the upper limit of 
energy available for plant use. Photosynthetic efficiency is actually quite low - only a 
small percentage of total light received is actually fixed by the photosynthetic 
process. Smith and Nelson (1985) stated that plant growth responses to light can be 
separated into those due to light quality, density or duration. 
Light Quality This term refers to the wavelength of rays contributing to the 
radiation spectrum. Plant growth and development is greatest under the full light 76 
spectrum. Radiation received at higher altitudes (ultraviolet light) and under winter 
conditions (infrared light) are outside the visible spectrum, and are not well suited for 
plant growth. Radiation wavelengths in the visible spectrum are the most active in 
fostering photosynthesis (Smith and Nelson, 1985). 
Density Plant growth is a function of radiation density, via its influence on 
photosynthetic activity (Shibles, 1976). Radiation density sets a limit to plant 
production when the leaf canopy has opened to receive approximately 95% of 
available radiation. The full canopy is needed to intercept the maximum amount of 
radiation (Smith and Nelson, 1985). Both C3 and C4 grasses differ in the amount of 
radiation needed to reach a light saturation point (Jones, 1985). Cool-season grasses 
become saturated at lower light densities than do warm-season grasses (Waller and 
Lewis, 1979); this, in large part, explains why warm-season grasses produce more 
DM than cool-season grasses. Cloud cover and shading will tend to reduce the 
amount of light reaching plants. Accumulation of nitrate in forage is maximized 
under conditions that reduce light density, due to the reduction in photosynthetic 
activity and subsequent reduction of nitrate to amino acids. Grass species differ in 
their response to variations in radiation density. Orchardgrass is a C3 plant that 
competes very well with other plants and grows well under conditions of lower 
radiation densities (Blake et al., 1966; Singh et al., 1974). 
Duration Light duration, or daylength, influences both vegetative growth and 
flowering (Salisbury and Ross, 1978); however, plant responses are actually 
controlled by length of the dark period. Plants will flower only within a range of 
light periods, whether it be short or long. Many species require both proper 
photoperiod conditions and specific temperatures before flowering (Smith and 
Nelson, 1985). Van Soest (1982) stated that the length of the dark period has a 
negative effect on forage quality, since nutrients are being metabolized (for growth 
and respiration) but none are being produced (no photosynthesis). 77 
Photosynthetically active plants are probably physiologically adapted to long periods 
of daylight and short dark periods, since this is the time of year (spring and summer) 
of active photosynthetic activity. 
Temperature Temperature influences all physiological processes. Plant 
growth depends on the temperature pattern to which the plant is exposed. 
Temperate grasses will actively grow at lower temperatures (4-10 °C), with a 
temperature of approximately 20-25 °C being optimum for growth (Young et al., 
1981; Miller et al., 1986), and maximizing rates of photosynthesis in bluebunch 
wheatgrass (DePuit and Caldwell, 1975). Net rates of carbon assimilation are 
highest in the spring and early summer, when temperatures and soil moisture levels 
are near optimum. In these plants, dark respiration rates are higher during warm 
weather, thereby reducing the photosynthetic efficiency. Optimum seed germination 
temperatures in the fall, when soil moisture levels are high and temperatures have 
cooled, is 20-22 °C for bluebunch wheatgrass (Young et al., 1981). Tropical grasses 
grow very well at temperatures around 30-35 °C and may produce very little at 
temperatures below 15 °C (Waller and Lewis, 1979). Switchgrass (Panicum 
virgatum), a C4 grass, produced more growth and a greater response to N 
fertilization at day/night temperatures of 32/26 °C, while timothy (Phleum pratense), 
a C3 grass, responded at lower temperatures (15/10 and 21/15 °C day/night 
temperatures; Balasko and Smith, 1971). While forage quantity is predominantly a 
function of soil water and available nutrients, the rate of morphological development 
of temperature grasses in the northern Great Plains is mostly controlled by 
temperature (Franks and Hofmann, 1989). Blaisdell (1958) used mean March 
temperatures to predict when bluebunch wheatgrass would reach a height of 6.35 
cm, which is the height at which animals are turned onto native spring range on the 
upper Snake River Plains of Idaho. 78 
Increasing temperatures promote rapid metabolic activity; turnover of energy 
and pooled metabolites is rapid, as is the synthesis of new plant cells (Van Soest, 
1982, 1985). Photosynthetic products are being rapidly converted to structural 
components. This increased metabolic activity reduces concentrations of nitrate, 
protein and soluble carbohydrate, and increases the level of cell wall structural 
components which are irretrievable by the plant. Enzymatic activities associated with 
the biosynthesis of lignin are also enhanced with higher temperatures. Leaf and stem 
quality of grasses decline as temperatures increase due to leaf lignification (Van 
Soest, 1982). Temperature has the greatest overall effect on plant development by 
promoting the accumulation of structural matter. Forages grown in cold climates, as 
a requirement for improved frost-hardiness, develop reserves of carbohydrates and 
proteins in leaves and stems (Van Soest, 1985). These reserves in the leaves replace 
water, and prevent crystallization caused by freezing temperatures, which can lyse 
plant cells and cause tissue death (Doescher, 1991). Temperatures needed for 
optimum root growth are generally lower than temperatures for optimum shoot 
growth (Daubenmire, 1942). Rapid root growth at low temperatures may be 
essential for cool-season forages such as bluebunch wheatgrass in arid environments, 
where most of the soil moisture is available early in the spring, when soil 
temperatures are still quite cool (Wilson et al., 1974). 
Temperature and light are closely associated, and as such, will often act 
together in influencing plant growth. For example - the growing season for 
temperate grasses begins in spring, when temperatures and light amounts increase. 
During summer, light periods are declining when temperatures have reached a 
maximum, while in autumn, both temperature and light are in decline (Van Soest, 
1982). As temperatures increase, so does plant maturity, causing CP and digestibility 
to decline, while fiber and lignin levels are rising. In midsummer, these associations 
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Forage digestibility increases, since the degree of lignin strongly influences fiber 
digestion. At this time, lignin and cellulose are negatively related. As fall 
approaches, temperatures and light characteristics begin to decline. The reduction in 
temperature counteracts the reduction in light, and forage quality in living plant 
tissue improves at this time (Van Soest, 1978). Environmental studies have shown 
that the temperature-light interaction is very difficult to explain. Goatsrue, an 
introduced perennial legume, favored long-day photoperiods and relatively stable 
day/night temperatures, not the large diurnal variations in growing season 
temperature common in the intermountain West (Patterson, 1992). While higher 
temperatures and light levels both increase forage yield, increased light intensity 
tends to increase soluble carbohydrate content and digestibility of grasses through 
photosynthetic accumulation of carbohydrates, while increased temperatures favor 
conversion of photosynthetic material into structural matter (Deinum et al., 1968); 
thus, these responses tend to counteract one another, with one occasionally 
overriding the other. In most instances, temperature has the final say. The plant's 
immediate environment, as well as the environment of the area the plant is growing 
in, definitely impacts growth, development and production. Understanding how 
various environmental variables affect plant production, and how plants respond in 
certain situations, should aid in improving range management, range condition, and 
range use. 80 
Part 4. Influence of Winter Environment on Beef Cattle 
Introduction 
Several factors influence the performance of beef cattle. Management, 
genetics, herd health programs, nutrition - all these factors impact livestock. 
Environmental conditions can also have a big impact on the performance and success 
of a livestock operation. According to Webster (1983), a satisfactory environment is 
one that satisfies the following criteria: thermal comfort, physical comfort, disease 
control and behavioral satisfaction. Environmental stress, either direct or indirect, is 
anything that causes a departure from these criteria. Almost two-thirds of all 
livestock in North America are raised in regions where the mean January temperature 
is below 0 °C. Cold weather conditions in the northern parts of North America are 
not always conducive to livestock production, particularly in operations where 
substantial winter shelter is not provided (Young, 1981). Beef cattle are largely 
exposed to naturally occurring climatic conditions (NRC, 1981). Extremely harsh 
winter conditions in 1886-87 and again in 1889-90 forced the end of year-round, 
open-range grazing in the western U.S. and the beginning of winter hay feeding 
programs, with some areas of northern Nevada experiencing 95% death loss 
(Stoddard et al., 1975). A renewed interest in winter grazing as an alternate grazing 
management plan on western ranges has developed as a means to reduce costs 
associated with hay feeding (Bates et al., 1990), increase flexibility in ranching 
operations (Young and Evans, 1984) and possibly enhance range condition and 
productivity (Barrett, 1985). This program may also be compatible with multiple use 
management programs currently being used on public rangelands. However, the 
winter environment will dictate the feasibility of winter grazing, through its effects on 
animal performance and overall ranch productivity. 81 
Effects of Adverse Winter Weather on Animal Metabolism 
Reductions in temperature and other environmental variables associated with 
winter conditions can definitely impact animal physiology. Homeothermic, or warm­
blooded animals, strive to maintain a relatively constant core temperature by 
balancing the heat gained from metabolism against that gained from or given up to 
the environment through a variety of mechanisms (NRC, 1981). Animals have zones 
of thermoneutrality (TNZ); this is the range of effective ambient temperatures (EAT) 
within which the heat from normal maintenance and productive functions of the 
animal in nonstressful situations offsets the heat loss to the environment. The EAT is 
comprised of a combination of temperature, precipitation, wind and solar radiation. 
The lower critical temperature (LCT) is the lower boundary of the TNZ. When EAT 
drops below this point, the animal must increase its rate of metabolic heat production 
in order to maintain body temperature. At the lower end of the TNZ, animals can 
reduce heat loss and increase heat production by shivering, adjusting their bodily 
positions or by changes in the hair coat (piloerection; Young, 1981); however, this 
acute response to cold stress is rarely seen in feedlot cattle due to their high rates of 
heat production (Young, 1983). The LCT in beef cattle, especially feedlot or high-
producing dairy cattle, is lower than in other domestic animals. Beef cattle are cold 
hardy, due to their large size, effective insulation and large amounts of heat arising 
from the processes of digestion (heat increment; NRC, 1981). Increases in energy 
intake can also lower the LCT in feedlot cattle (Birkelo et al., 1991). Adverse winter 
weather can increase the energy required for maintenance by 30-70% for 
overwintering beef cows (Young, 1981); NRC (1981) places the increased 
requirement at 40-50%. The effects of increased requirement appear to be primarily 
on the energy required for maintenance, as pregnancy, fetal development and calf 
birth weight are unaffected (Wiltbank et al., 1962). The decrease in temperature also 
causes the basal metabolic rate (BMR) to increase, which also drives up maintenance 82 
energy (ME) requirements (Young, 1975a,b,c). The basal metabolic rate is the 
chemical change occurring in animals in a fasting and resting state. It is the 
measurement of energy needed for basic cellular activity, circulation and respiration 
(NRC, 1981). Elevated BMR subsequently increases cellular and metabolic activity 
which increases heat production for maintenance of homeothermy. Young and 
Degen (1981) found that resting metabolic rates increased by approximately .69 
Kcal/kg75 for each 1 °C decrease in mean ambient temperature. 
Other winter weather variables can affect the physiological processes of 
livestock. Air movement affects the rate of evaporative and convective heat 
exchange, especially at high wind speeds, when the disruption of the animal's hair 
coat is maximized; absolute amounts of heat lost are higher at high speeds (Ames and 
Insley, 1975). The rate of heat loss per unit increase in air velocity is greatest at low 
air velocities (NRC, 1981); the disruption of the boundary layer of still air 
surrounding the animal requires little air movement. Moisture in various forms (mud, 
rain, snow) can increase the rate of metabolic heat production in cattle. Water on the 
hair coat will reduce the effectiveness of external insulation; this problem is 
exacerbated in the presence of wind. Snow or rain increases the amount of 
conductive heat loss, while the process of drying further cools animals through 
evaporative heat loss. Degen and Young (1993) reported that cattle exposed to 
moisture increased their rate of metabolic heat production. Reductions in 
temperature enhanced the negative effects of precipitation on survival of calves born 
in the spring (Azzam et al., 1993). Mud may act as a medium of heat exchange from 
the animal to the environment, as well as increasing the difficulty of locomotion. 
This would increase energy expenditures and increase requirements for ME. This is 
especially noticeable in feedlot and drylot situations (Morrison et al., 1970); deep 
snows on ranges would have a similar effect. Solar radiation can increase the heat 
available to the animal via radiation energy (Young, 1983). For animals standing or 83 
lying in direct sunlight, a net gain of heat by thermal radiation occurs, raising the 
effective ambient temperature. This process is beneficial during cold weather, but 
not during warm summer weather (NRC, 1981). Darker colored animals may absorb 
and gain more heat via solar radiation than light-colored ones, since dark colors do 
not reflect as much radiation as do lighter colors; however, hair color may have little 
impact on heat regulation in cold climates (McDowell, 1980). Environmental 
variables such as cold, wind, and precipitation have the overall effect of elevating ME 
requirements, as animals increase their metabolic rate in an effort to maintain 
homeothermy. 
European breeds (Bos taurus) are more tolerant of cold weather than breeds 
from more tropical regions (Bos indicus), which are better suited for hot, humid 
conditions. European breeds evolved and developed under colder climatic 
conditions, and have some adaptive advantages to reduce heat loss, such as increased 
amounts of insulation (thicker skin and fat layers, as well as heavier hair coat) and 
lower ratios of body surface area to body mass. However, the exact mechanisms 
involved in the obvious differences in tolerance to prolonged heat and cold observed 
between Bos taurus and Bos indicus cattle have yet to be determined (Webster, 
1983). 
Effects of Winter Environment on Performance 
Livestock productivity typically declines during the winter months. This 
reduction is caused primarily by increased energy demands needed for 
thermoregulation. Enhanced intakes in cold weather often are not sufficient to 
counteract both increased energy demands and reductions in diet digestibility 
(Kennedy and Milligan, 1978). While feedlot cattle increase feed intake during 
winter (Milligan and Christison, 1974; Leu et al., 1977), several studies have also 
shown that animal performance is reduced in these situations. Average daily gain 84 
(ADG) and feed efficiency (feed:gain ratio, or F:G) were positively correlated with 
mean ambient temperature in the Milligan and Christison (1974) study. Cattle in 
Canadian feedlots had lower rates of gain and feed efficiencies during cold winter 
weather (Young, 1981). Elam (1970) reported 14-20% lower F:G ratios during 
winter in feedlots located in the Midwest and also in southern California. 
Approximately 40-60% of the seasonal variation in feedlot animal performance can 
be accounted for by climatic variables (Young, 1981). Reductions in animal 
performance despite increases in feed intake indicate that more feed energy is being 
directed toward heat production. Delfino and Mathison (1991) found that steers fed 
concentrate diets indoors grew 49% faster and had 51% better ratios of gain to feed 
than did animals kept outdoors during winter. Outdoor steers retained 65% less 
energy and had 18% higher rates of fasting heat production. The efficiency of 
metabolizable energy used for maintenance declined 14% in outdoor steers, resulting 
in an estimated 41% increase in the ME requirement. The reduced energetic 
efficiency noted in animals housed outdoors was attributed to increased requirements 
for maintenance. Birkelo et al. (1991) also reported increased requirements for 
maintenance of body weight in feedlot animals during the winter; however, there was 
no effect of season on thermoneutral ME requirements or fasting heat metabolism. 
These authors concluded that acute cold stress, not elevated BMR, was responsible 
for poor winter feedlot performance. Although feed intake is increased, reductions in 
diet digestibility and energy redirection to meet increased demands for heat 
production result in reduced ADG and feed efficiency in feedlot cattle during winter. 
Energetic demands of various activities associated with grazing (searching for 
food, travelling), coupled with increased energy required for maintenance of heat 
production during winter, can increase the ME requirement for grazing cattle by 
nearly 100% (Osuji, 1974; NRC, 1981; Young, 1981). Fetal development in 
pregnant, spring-calving beef cows also increases energy requirements (NRC, 1984). 85 
Despite these increased energetic demands, forage intake for grazing cattle is often 
depressed during the winter (Kartchner, 1981; Adams et al., 1986). High ME 
requirements for grazing activity and thermoregulation in cold, along with demands 
of advancing pregnancy and reduced intakes of poorly digestible, low-quality forage, 
can cause large negative changes in energy balance and loss of body weight and 
condition (Malechek and Smith, 1976; Adams et al., 1986). Kartchner (1981) and 
DelCurto et al. (1991) reported occurrences of significant weight loss in mature beef 
cows during cold, adverse winter weather conditions; similar changes were also 
noted by Malechek and Smith (1976). Increases in heat production during winter 
cold stress requires an immediate utilization of energy substrates from either the diet 
or from tissue reserves (NRC, 1981). Reductions in feed intake indicate that the diet 
is not supplying this energy. Increased levels of insulin and glucagon (Scott and 
Christopherson, 1983), increased glucose levels associated with cold stress and 
catecholamine action (Thompson, 1973) and possible catabolic and gluconeogenic 
actions of glucocorticoids (Yousef and Johnson, 1967) all contribute to increases in 
tissue breakdown and mobilization of energy substrates to aid in thermogenesis. 
Increased levels and activities of these physiological variables indicate that animals 
are drawing on tissue energy reserves to meet their increased ME requirements. 
Reductions in body condition were noted by Kartchner (1981) and DelCurto et al. 
(1991) as environmental conditions worsened in winter grazing programs. Excessive 
losses in weight and body condition can adversely affect subsequent reproductive 
characteristics (Staigmiller et al., 1979). Dzuik and Bellows (1983) stated that cows 
should be in at least good to moderate condition (condition score 5 on a 1-9 scale) at 
calving to ensure adequate postpartum reproduction. When too much condition is 
lost prior to calving, the interval to first estrus will be lengthened, and reproductive 
performance lowered (Wiltbank et al., 1962). 86 
Winter nutrition can affect the postpartum performance of both cows and 
calves. Limited nutrient intake during gestation can decrease body condition, and 
inadequate condition at calving can severely affect cow production traits, including 
conception rates and calf growth (Bellows et al., 1982). Hight (1966) allocated 
pregnant mature cows to either a high or low plane of nutrition prior to calving. 
Although cows on the low plane lost much more weight than did high-plane cows, 
this weight was quickly regained following calving, and no differences in conception 
were noted. Calves from cows on the low plane of nutrition were lighter and grew 
slower than did calves from high-plane cows. Thompson et al. (1983) reported that 
cow and calf performance (calving difficulty, calf birth weights and 150-d adjusted 
weaning weights) were not affected by winter energy feeding levels, cow body 
composition prior to calving or body energy changes of cows during the winter. 
Precalving nutrition may also affect passive immunity of calves (Bull et al., 1974), as 
well as the calf s ability to absorb immunoglobulins from colostrum, a key step in 
preventing disease (Blecha et al., 1981). Calves from dams with restricted nutrient 
intakes prepartum had higher levels of cortisol (Birkelo et al., 1991) and lower levels 
of serum immunoglobulins (Hough et al., 1990), indicating these calves were in a 
stressed state and susceptible to disease. Adverse winter weather conditions 
resulting in restricted nutrient intake prior to calving can have a negative impact on 
cow reproductive performance, although results to the contrary have been reported. 
In many instances, though, calf health and performance has been negatively impacted 
by low levels of nutrient intake by cows during winter gestation. 
The winter environment definitely impacts animal performance. Adams et al. 
(1986) suggested that management of cows on winter range should focus on 
ensuring that cattle can get through the winter period with minimal adverse effects. 
Providing shelter, increasing the quality of feed available, selecting proper sites for 
grazing, supplementing grazing animals, ensuring that cows are in adequate body 87 
condition going into the winter, and sorting animals by age and nutritional need 
(Dzuik and Bellows, 1983) are all methods of minimizing winter's adverse affects. 
Environmental Influences on Intake 
Cold stimulates appetite (Young, 1981). This increase in appetite is assumed 
to reflect the increase in the metabolic demands of the animal (Young, 1983). Intake 
values given in NRC (1976) recommendations were reported to be increased, or 
stimulated, by lower temperatures (NRC, 1981). Nutrient intake recommendations 
are based on trial results obtained with animals exposed to conditions relatively free 
of thermal stress, or an ambient temperature range of about 15-25 °C. Cattle in 
controlled environmental chambers will increase their intakes as temperatures decline 
(NRC, 1981). Baile and Forbes (1974) and Young (1987) conclude that animals will 
increase their intake of food following exposure to cold. The increased energy 
demand for thermoregulation must be met from someplace, and increasing energy 
intake is the logical choice. 
Feedlot cattle typically increase their intakes during cold weather (Milligan 
and Christison, 1974; Leu et al., 1977; NRC, 1981). Kennedy (1985) reported a 
13% increase in hay intake of sheep kept in confinement. Cattle kept in open, 
unsheltered lots consumed more feed during winter than did sheltered animals (Leu 
et al., 1977). Dairy cattle consuming a 60-65% roughage ration increased their 
intakes when the temperature dropped below the LCT of their TNZ; this process was 
reversed when temperatures exceeded TNZ values (McDowell et al., 1969). 
Growing cattle exposed to cold winter environments exhibited increased intakes 
when compared to sheltered animals (Webster et al., 1970; Hiridoglou and Lessard, 
1971). Similar results were noted by Milligan and Christison (1974); intakes 
increased per unit of weight gain, indicating that performance was reduced. Kennedy 
and Milligan (1978 stated that cold exposure could increase the intake of digestible 88 
OM by about 4%, but this ingested food would be digested at a lower efficiency. 
Cold definitely stimulates feed intake in confinement animals; however, enhanced 
intakes do not appear to be sufficient to prevent reductions in performance. 
Environmental factors other than cold temperatures can impact feed intake 
during winter. Rain, mud and snow can reduce intakes through impacts on feeding 
activities (NRC, 1981). Animals may choose to conserve energy by limiting travel in 
deep mud or snow. Mud and snow may also limit feed access; wet, muddy feeds 
may also be less appealing or palatable, causing intakes to decline. Temporal 
displacement of feeding activities and reductions in intake commonly occur during 
inclement weather. Reductions in daylength (photoperiod) may contribute to 
reduced intakes during winter, even though increased ME requirements for 
thermoregulation would be expected to promote increased intakes (Young, 1987). 
While cold weather tends to increase feed intake in confinement situations, 
grazing cattle respond somewhat differently to the winter environment. Beef cows 
grazing northern Great Plains rangeland exhibited reduced intakes of forage in the 
harsher of two winters (Kartchner, 1981). Lower forage intakes were attributed to 
colder temperatures and increased snow depth, which limited forage availability. 
Adams et al. (1986) also reported reductions in forage intake during adverse winter 
weather in eastern Montana. These results indicate a positive correlation between 
intake and winter temperature. At first glance, this relationship appears 
contradictory - as weather conditions worsen, the BMR goes up in an effort to 
generate more heat, thereby increasing the energy required for maintenance. 
However, forage intake is decreasing at a time when nutrient demand is high. The 
reason for these responses may involve the following mechanisms of action. The first 
involves diet quality. In confinement situations, positive responses of intake to cold 
weather are occurring with feeds at or above 60% digestibility (high-quality feeds; 
Milligan and Christison, 1974). This feed is abundant and readily available; animals 89 
have to expend little effort to obtain it. Under grazing conditions, snow cover can 
limit the feed available to the animal, causing them to select a low quality diet. 
Intake of low-quality feeds could be reduced by physical factors of ruminal fill 
(Campling, 1970). Kartchner (1981) reported that in severe winters, cattle were 
observed browsing sagebrush and other shrubs not normally consumed, due to poor 
forage availability. Diet quality and forage intake was lowered, due to limited 
availability caused by snow cover, in one year of a study by Rittenhouse et al. (1970); 
reductions in intake resulted in animal weight loss. DelCurto et al. (1991) observed 
reductions in diet quality (increased lignin, decreased CP and digestibility) as winter 
progressed in the northern Great Basin. Winter grazing animals are faced with a 
lower-quality diet at a time when nutrient demands are high. These low-quality diets 
may promote increased ruminal fill; physical factors of increased fill could then 
function to reduce intake. The second mechanism involves the energetic costs of 
grazing. Grazing animals spend considerable time and energy searching for and 
consuming food. Anderson and Kothmann (1980) found distance travelled while 
grazing to be correlated to CP, digestible energy and forb content of the diet, as well 
as the grass leaf blade to stem and sheath ratio. Animal travel declined from July to 
December. These results suggest that lower-quality diets would reduce travel 
distance. Energetic costs associated with grazing activities, such as eating, walking 
to graze, and digestion of bulky forage materials may increase the ME requirement 
for range animals by 25-50% (Osuji, 1974). This increase, coupled with a 30-70% 
increase in ME caused by elevated BMR and heat production (Young, 1981) causes 
overall ME for winter grazing beef cattle to be elevated by nearly 100%. Grazing and 
travelling constitute over 80% of the net energy costs of grazing cows (Malechek 
and Smith, 1976). Rather than increase grazing activity to try and maximize forage 
intake, cattle on winter range reduce their grazing activity. Adams et al. (1986) 
found daily grazing time declined as mean daily temperature declined, and 90 
hypothesized that a positive relationship between grazing time and forage intake 
exists as temperatures get colder, since forage intakes had also declined at colder 
temperatures. Reductions in grazing activity may be a means of reducing energy 
expenditures and making more energy available for thermogenesis. Energy savings 
from reduced grazing activity must outweigh the energy gained from obtaining low-
quality, dormant forage.  This conserved energy would be shifted to help meet the 
increased ME demands for heat production. Observed reductions in grazed forage 
intake during winter may be an energy-conserving mechanism, or a response to 
consuming low-quality feeds. 
Environmental Effects on Digestive Parameters 
Cold winter weather appears to increase rumination activity, reticuloruminal 
motility and rate of digesta passage, as well as reducing ruminal volume (Westra and 
Christopherson, 1976; Kennedy et al., 1977). This increased digestion rate reduces 
organic matter digestion in the rumen, but increases the efficiency of microbial 
synthesis and quantity of digesta which escapes ruminal digestion (Kennedy and 
Milligan, 1978); this has the effect of increasing the protein status of the animal. 
Exposure of sheep and cattle to cold weather causes DM digestibility to be reduced 
by .2% per degree drop in temperature (Christopherson, 1976; Westra and 
Christopherson, 1976). Christopherson and Kennedy (1983) stated that larger 
reductions in digestibility with colder temperatures appear to show the effect of 
animal insulation, as thinner cows and newly shorn sheep had greater digestibility 
reductions. Steers housed outside in cold temperatures had higher resting metabolic 
rates and lower DM digestibility values than did steers housed indoors 
(Christopherson, 1976). This inverse relationship between metabolic rate and 
digestion was also noted by Kennedy et al. (1977). These authors reported that 
consumption of 02 increased during cold weather, but diet digestibility declined. 91 
Westra and Christopherson (1976) and Kennedy (1985) found that exposing sheep to 
colder temperatures increased the number of reticular contractions, reduced mean 
retention times and lowered forage dry and organic matter digestibility. Cold 
exposure lowered concentrations of volatile fatty acids, due to increased passage 
rates and reduced fermentation in the rumen. Cold exposure reduced the particle 
size of rumen digesta (Kennedy, 1985). Increases in feed intake was noted in this 
study, and was attributed to increased rates of digesta clearance caused by reductions 
in particle size and increases in reticuloruminal motility. Kennedy and Milligan 
(1978) observed fermentation results similar to Kennedy (1985); they reported that 
fermentation activity in cold-exposed animals was lowered by one-third. Kartchner 
(1981) and Adams et al. (1986) reported reductions in DM digestibility with severe 
winter weather on northern Great Plains range. This reduction in digestibility could 
be a result of poor diet quality (dormant range forage of low availability) in 
combination with increases in passage rates and reductions in retention time. 
Reductions in digestibility, coupled with decreases in forage intake commonly seen in 
grazing situations, would dramatically reduce the amount of nutrients available to the 
animal, causing losses in body weight and condition to occur. 
Cold reduces diet digestibility: very little evidence to the contrary exists. The 
question is: why? One reason has to do with feed intake. Colder temperatures 
increase the energy requirement for maintenance, as animals elevate metabolic rates 
in an effort to increase heat production. Increases in ruminal motility hastens the rate 
of digesta clearance from the rumen, making more nutrients (especially protein) 
available postruminally. This may enhance the overall nutritional status of the animal 
and result in higher feed intakes. Increasing passage rate may also reduce the 
potentially restricting effects of ruminal fill, making more space available for 
increased feed consumption. Another possible mechanism involves a direct effect of 
digestion on heat production. Graham et al. (1982) found that cold-acclimated sheep 92 
had greater reticulo-rumen tissue weights than warm-acclimated sheep; this 
suggested the occurrence of gut hypertrophy and(or) hyperplasia in animals 
accustomed to cold environments. Increases in ruminal motility, rumination activity 
and gut tissue size may all be related to increases in heat production. These activities 
could be another means for animals to generate heat. In cold environments, the gut 
appears to be very active metabolically; these increases in ruminal contractions and 
motility could generate heat for thermogenesis. Increased gut size in cold-adapted 
animals may aid in increasing heat production following increases in BMR. The 
extent to which changes in ruminal metabolism and gut tissue activity contribute to 
changes in whole animal metabolism and heat production are areas in which further 
research is needed. 
Physiological Responses to Cold_ 
Several hormones have been identified as playing significant roles in the 
physiological functions and metabolic alterations resulting from cold stress. Acute 
cold stress has been shown to increase plasma epinephrine and norepinephrine 
concentrations (Webster et al., 1969; Thompson et al., 1978). Increased sympathetic 
activity could elicit cardiovascular and metabolic responses often seen during periods 
of cold stress, such as increased heart rates and higher plasma concentrations of 
glucose, blood hematocrit and free fatty acids (Thompson, 1973; Young, 1975a). 
These physiologic changes support metabolic heat production by ensuring adequate 
blood flow and supply energy substrates and 02 to tissues.  Catecholamine effects on 
gut motility are somewhat mixed - it appears they may have both stimulatory and 
inhibitive actions (Christopherson and Kennedy, 1983).  Glucocorticoids increase 
protein catabolism and mobilize amino acids for breakdown and gluconeogenesis to 
increase the energy sources available for thermogenesis in the presence of cold 
temperatures; however, separating the effects of glucocorticoid response to cold 93 
stress from that of a general alarm reaction is nearly impossible (Yousef and Johnson, 
1967). Cortisol has long been recognized as a physiological response to stress; 
however, the act of obtaining blood to test for cortisol may, in itself, be sufficient to 
increase cortisol levels, masking any effect of an environmental stressor. Yousef et 
al. (1967) found that prolonged cold exposure caused increases in protein bound 
iodine, which is a transport form quickly converted into active thyroxine. Similar 
results were reported by Yousef et al. (1968) and Halliday et al. (1969). The severity 
and duration of a cold stress appear to be key factors in the increase in thyroid 
activity (Yousef et al., 1967). The thyroid's response to cold stress is not 
instantaneous, and may be associated more with acclimative changes to chronic cold 
than to rapid responses to acute cold stress. Thyroid hormone activity can reduce 
digesta retention times and increase reticulum motility in response to cold weather 
(Westra and Christopherson, 1976). Increases in 02 consumption also indicated that 
thyroid hormones may be involved in elevating metabolic rates; in fact, the principle 
roles of thyroid hormones appear to be to increase calorigenesis and overall animal 
metabolism. Increases in glucocorticoid concentrations may have a negative impact 
on thyroid activity. Christopherson and Kennedy (1983) suggested that neural 
mechanisms may also be involved, in order to stimulate rapid responses to cold 
winter weather. Sensory inputs from cold receptors could stimulate nerve firing and 
increase ruminal contractions and motility. Cold stress may enhance blood flow to 
the digestive tract, via actions of chemoreceptors (Kennedy et al., 1978).  This may 
increase volatile fatty acid uptake into the portal circulation and reduce the volatile 
fatty acid concentration in the rumen, possibly increasing gut motility. Leek and 
Harding (1975) found that certain ruminal receptors are sensitive to concentrations 
of volatile fatty acids. When ruminal concentrations are high, these receptors send an 
inhibitory message to the gastric centers, reducing motility. Removing volatile fatty 
acids from the rumen would reduce inhibitory signals and could increase motility. 94 
Cold exposure enhances the actions of insulin on glucose metabolism, 
although no real change in basal plasma insulin levels occurs (Weekes et al., 1983). 
Sano et al. (1992) also reported that glucose metabolism rate increased when 
temperatures drop, in response to increased energy requirements of peripheral 
tissues. This may be caused by the enhanced action of insulin during cold stresses. 
Cold weather-induced increases in ME requirements, and subsequent elevated BMR, 
would increase glucose demand by tissues. Insulin facilitates glucose entry into 
tissues; thus, during cold stress, insulin action would enhance energy substrate 
availability. Scott and Christopherson (1993) observed increased levels of insulin 
following animal exposure to cold. Glucose levels also increased following insulin 
injection, indicating that insulin was acting to increase glucose availability for use as 
an energy substrate for thermogenesis. While cold stress elicits several different 
physiological responses, many of these may be interrelated. The overall response to 
adverse winter conditions is an increase in metabolic rate and heat production, with 
some possible effects on ruminal motility and digestion. 
Winter Environment's Effects on Grazing Activity 
Grazing ruminants invest considerably more time and energy searching for 
and apprehending food than do animals in confinement. In addition, the food 
obtained is frequently of low quality, due to plant dormancy and, possibly, reduced 
forage availability due to snow cover. Grazing activity increases the ME requirement 
of animals by 25-50% (Osuji, 1974). Reductions in grazing activity occur on winter 
ranges under adverse weather conditions (Malechek and Smith, 1976; Adams et al., 
1986). Animals may reduce grazing activity in an effort to limit energy loss; this 
energy could be devoted to increasing metabolic heat production. Correlations 
between grazing time and temperature are positive (Malechek and Smith, 1976), as 
are time spent grazing -forage intake correlations (Adams et al., 1986). Grazing time 95 
and travel distance are lower in winter than in summer (Stricklin et al.,. 1976; 
Anderson and Kothmann, 1977). A principle determinant in this relationship may be 
photoperiod. Shorter daylengths during winter will reduce the time available for 
grazing, and may reduce intake (Young, 1987). Rouda et al. (1990) reported 
positive relationships between cow daily travel distance and both total amounts of 
precipitation and mean hours of daylight. Daily cow travel and mean ambient 
temperature were negatively correlated. More grazing may occur during the 
daytime, as animals seek to minimize night radiation loss of body heat (Young, 
1987). Newly shorn sheep spent less time grazing at night during cold weather 
(Hutchison and McRae, 1969). Reductions in cold weather grazing causes forage 
intake to decline (Adams et al., 1986). Animals seeking to minimize energy loss 
from grazing activity may be the principle reason for reduced grazing activity and 
lower feed intakes during winter. Typically, under conditions of decreased forage 
availability, animals will spend more time grazing, in order to select the highest 
quality diet possible; however, this constitutes a major energy investment (Osuji, 
1974). Animals may shift their selection patterns to include less desirable plants that 
require less activity to obtain; this could reduce nutrient intake and negatively impact 
performance. 
Winter Water Requirements 
While water is always important to the health and well-being of livestock, the 
absolute water requirements for animals during winter are lower than at other times 
of the year (NRC, 1981). During winter, maintaining an open water source is a 
difficult and expensive task (Young and Degen, 1980). Providing heat to keep water 
tanks and dispensers ice-free, chopping ice and trying to keep pumps running and 
water lines thawed during cold weather are all problems associated with maintaining 
an open water source during winter. Wild animals frequently do not have open water 96 
sources during the winter, and rely on snow to meet their needs. Several Canadian 
studies have shown that beef cattle can use snow as a water source. The amount of 
water intake per day was similar between pregnant crossbred beef cows consuming 
either snow or liquid water as the sole water source (Young and Degen, 1980). 
Weight changes and intakes of hay and alfalfa pellets were similar among watering 
treatments, indicating no ill effects of snow on animal performance. Sheep can rely 
on snow as a sole source of water to meet their daily needs (Butcher, 1973; Degen 
and Young, 1981). Denying calves liquid water and forcing them to consume snow 
did not affect actual water intake or calf ADG (Degen and Young, 1990b). 
Reintroducing calves to water after they had previously consumed only snow did 
cause water intake to increase. Young and Degen (1991) also concluded that beef 
cows can rely on snow as a water source, since cows denied water over the winter 
period had similar body weights and condition scores, as well as similar calf birth and 
weaning weights, as cows with access to liquid water. Consuming snow may cause 
ruminal cooling, which can contribute to lower ruminal and whole body temperatures 
and increase the rate of metabolic heat production (Nicol and Young, 1990). Adding 
cold water to ruminal contents increased the amount of heat produced, reduced heat 
loss and lowered the heat content of the mixture. The rate of metabolic heat 
production was elevated and body temperature lowered via the addition of cold 
water. In contrast, Degen and Young (1990a) found that snow intake did not 
adversely affect cow body weight, water influx, metabolic heat production or the 
rectal temperature of pregnant beef cows. These authors also noted no difference in 
cow milk production or calf growth rate between cows receiving only snow and 
those with access to water. A short adjustment period was needed for cows to begin 
consuming snow. Butcher (1973) suggested that the heat produced from digestion 
and the heat increment of feeding is more than adequate to offset any energy required 
to melt snow and raise this water to body temperature. Water temperature did not 97 
influence digestibilities of DM, energy or protein in beef cows (Cunningham et al., 
1964). Snow appears to be an effective water source for grazing livestock during 
winter. Use of snow as a water source would be beneficial in:  1. Reducing 
problems and expenses associated with maintaining open sources of water, and 2. 
To help improve livestock distribution by making a water source available in more 
remote areas. This could help prevent the overuse of areas near water and provide 
more uniform grazing distribution on winter range. Of course, too much snow 
would reduce forage availability and subsequent diet quality. Winter ranges should 
have areas, such as south slopes, windswept ridges and protected areas, where 
forage is available during all but the heaviest snow years. A reliable water source is 
also needed on winter range, since snow may not always be available. 
Livestock Acclimation to Winter Conditions 
The process of adapting or becoming adapted to a foreign or unfamiliar 
environment or climate is known as acclimation (Webster, 1981). Acclimation is the 
result of prolonged exposure to a particular environment or set of environmental 
conditions. In a continuously fluctuating environment, the acclimation process has 
no beginning or end, but is continuous; in these environments physiological 
acclimation must occur if animals are to survive (Senfl and Rittenhouse, 1985). 
Individual animals have the capacity to adapt to the environment to which they are 
exposed and display morphological and physiological adjustments to become better 
suited to their environment (Young, 1987). The thermal environment influences ME 
requirements of animals by eliciting an immediate increase in heat production for 
maintenance of homeothermy when the animal is exposed to an acute cold stress 
(NRC, 1981). 
Young (1983) described two types of cold-induced metabolic responses:  1. 
Acute metabolic responses, which compensate directly for increased rates of loss of 98 
body heat to the environment, and 2. A chronic adaptive basal metabolic response. 
Severe winter weather can cause immediate reductions in intake (Senft and 
Rittenhouse, 1985), rapid increases in ruminal motility and digesta passage rate 
(Westra and Christopherson, 1976) and rapid, instantaneous increases in heat 
demand and metabolic rate (NRC, 1981). Grazing animals respond to periods of 
acute stress by reducing grazing behavior. Over time, however, animals acclimatize 
to colder temperatures and undergo physiological changes which allows them to 
better cope with the environment. 
Chronic responses, which are more adaptive in nature, affect the basal 
metabolic rate. Prolonged exposures to colder environments improves the animal's 
ability to cope with cold. This acclimation process to chronic cold stressors will 
affect the ME requirement of adapted animals differently that acute stresses affect 
nonacclimated animals (NRC, 1981). The acclimatization process is associated with 
hormonal and metabolic changes resulting from prolonged cold exposure. These 
changes include increases in thermal insulation, increased appetite drive (Thompson 
et al., 1978) and elevated basal metabolic intensity (Young and Degen, 1981) that 
reduce the risks of chronic cold stress. Webster (1976) reported that exposure and 
adaptation to cold improves both tissue and external insulation. Cold acclimatized 
cattle not only have an increased metabolic rate, but also an enhanced ability to 
increase their rate of metabolic heat production (summit metabolism; Young, 1981) 
in response to severe cold stress for the prevention of hypothermia (NRC, 1981). 
Evidence of animals adapted to cold climates include withstanding increasingly cold 
temperatures without shivering as winter progresses or during prolonged exposure to 
cold in controlled temperature chambers (Young, 1975b; Gongou et al., 1979). Slee 
and Sykes (1967) and Young (1975b,c) have documented increases in resting 
metabolic intensity of sheep and cattle after prolonged periods of cold exposure. 
Resting basal metabolic rates were elevated by up to 40% in these acclimated 99 
animals. Young (1987) stated that thermoneutral metabolic intensity of both sheep 
and cattle is increased by 20-40% as a consequence of cold acclimatization. A 30­
40% elevation in the BMR, independent of the level of feeding but linked with 
increased thyroid hormone activity, also is a result of acclimation. These elevated 
thyroid hormone levels increase the metabolic energy demand of the animal and 
potentially are involved with enhanced appetite drive. 
Acclimating cattle to colder temperatures can increase the level of 
thermoneutral heat production, independent of changes in feed intake (Robinson et 
al., 1986). One cost of this increased cold hardiness is an elevated ME requirement 
(Young, 1975c); as prior acclimation temperature decreases (becomes lower), ME 
requirements increase (NRC, 1981).  Maintenance energy requirements are elevated 
by .91% for each 1 °C reduction in temperature below 20 °C to which cattle have 
been adapted (NRC, 1981). Kennedy and Milligan (1978) estimated that cold 
exposure would increase organic matter intake (0M1) by about 4%, but efficiency 
would decline as the increased energy available would be used for thermogenesis. 
Depressions in DM digestibility, reduced digesta retention times, increased digesta 
passage rates and increases in ruminal motility and reticulo-rumen tissue weights for 
cold-exposed animals have been noted (Christopherson, 1976; Westra and 
Christopherson, 1976; Kennedy et al., 1977; Graham et al., 1982; Christopherson 
and Kennedy, 1983). Hormonal changes in cold-acclimatized animals have also been 
reported. Thyroid hormone activity is elevated in cold acclimatized animals (Halliday 
et al., 1969; Young, 1981); these increased levels have been linked to increases in 
ruminal motility, decreased digesta retention times and increases in metabolic activity 
(Christopherson and Kennedy, 1983). Catecholamine activity also appears to 
increase during periods of cold exposure, and may act synergistically with thyroid 
hormones in affecting animal metabolism (Young, 1981). Levels (Scott and 
Christopherson, 1993) and actions (Sano et al., 1992) of insulin also appear to be 100 
increased in cold-adapted animals; glucocorticoid and glucagon levels also may be 
elevated as a mechanism to generate and utilize energy sources for thermogenesis. 
Animals adapted to colder climates have a decreased LCT. Young (1975c) 
reported that winter acclimatization resulted in a downward shift in the overall TNZ. 
In adapted animals, BMR appears to be elevated independent of differences in feed 
intake. These changes imply that the environmental temperature must reach a lower 
point (must be colder) before the adapted animal needs to increase its rate of heat 
production to maintain thermoneutrality. The ability of these animals to produce 
heat during periods of cold stress is also enhanced. 
At temperatures within the TNZ, feed intake should be independent of the 
ambient air temperature. As temperatures decrease, however, intakes should be 
elevated. Senft and Rittenhouse (1985) hypothesized that a time course was 
involved in the process of acclimation, and that this period could be measured. 
During the process of acclimation, intakes would initially decline, then begin to rise 
as animals adapted. Their results showed that approximately 12 days was required 
for animals to become acclimated to a period of cold stress. Deviations from the 
acclimation temperature resulted in reduced grazing times under grazing conditions, 
and lower feed intakes in feedlot cattle. Animals expending large amounts of energy 
on feeding activity (grazing animals) will display strong behavioral responses to cold 
stress, and will conserve metabolizable energy to use for thermoregulation. Overall 
ruminant activity will decline in response to short-term thermal stresses (Senft and 
Rittenhouse,  1985).  Animals which have previously been acclimated to cold may 
respond to acute thermal stresses in a different manner. Mature, pregnant beef cows 
grazing Montana winter range exhibited small positive responses in OMI to short-
term thermal stress (Beverlin et al., 1989).  These authors concluded that cold winter 101 
weather may not be considered a "novel" stressor to animals reared in colder 
climates, and that these animals simply are not affected by short-term weather 
changes during winter. 
Exposure to the cold winter environment appears to promote physiological 
and metabolic changes which enhance the ability of animals to cope with winter 
weather conditions. These animals may be able to increase their BMR without 
increasing feed intake, thereby increasing the efficiency of heat production. 
Increased ruminal motility and gut size may aid in increasing heat production via 
digestive mechanisms. Increased passage rates increase microbial efficiency and may 
enhance the nutritional status of the animal by increasing bypass of nutrients. 
Hormonal changes, especially thyroid hormones, may increase appetite drive and 
stimulate increased intake. Any or all of these processes could be involved as 
mechanisms that cold-acclimatized cattle have evolved to enable them to better cope 
with the cold. 102 
Part 5. Supplementation Practices for Winter Grazing Beef Cattle 
Introduction 
Cattle consuming low-quality roughages, such as winter range forage, 
frequently are unable to meet their nutritional requirements from the forage source 
alone. Dormant forage is of low nutritive quality, due to high levels of plant cell wall 
constituents, reductions in the amount of digestible protein, and decreased OM 
digestibility (Van Soest, 1982). In addition, decreases in forage availability, due 
either to heavy snow cover or environmental conditions such as drought that reduce 
forage production, can further limit the grazing animal's ability to selectively graze. 
Supplementation is the most commonly used nutritional practice to increase the 
utilization of high-fiber, low-quality range roughages. Supplements can provide 
nutrients to the animal which may be limiting in the forage. Providing supplemental 
feed sources to animals on low-quality feeds can improve animal performance 
(Clanton and Zimmerman, 1970; Cochran et al., 1986), forage intake (Church and 
Santos, 1981; McCollum and Galyean, 1985) digestibility (Rittenhouse et al., 1970) 
and ruminal fill, passage and fermentation (Pritchard and Males, 1982; Caton et al., 
1988). The key to proper forage supplementation is to provide a feed that 
complements or promotes the intake and utilization of the forage base, but does not 
substitute for it. Since the forage base represents a fixed cost, its use should be 
maximized, while the variable cost (supplement) should be kept to a minimum, in 
order to maximize productivity and economic returns. Supplementation options are 
numerous; various types, forms, sources and feeding frequencies have been used and 
are available. The most appropriate supplementation option will vary, depending on 
the quality and quantity of forage available, the production stage of the animal, 
economics, and time and frequency of supplementation (Allden, 1981). The 103 
following portion of the literature review will focus on various supplementation 
options and their effects on livestock consuming low-quality roughages. 
Protein supplementation 
When forage quantities are not limiting, protein supplements are beneficial to 
animals on low-quality roughages. Protein supplements are usually considered to be 
feedstuffs containing more than 15% CP, or high amounts of protein relative to 
digestible energy. Intake and utilization of forages with CP levels below 6-8% is 
often improved by providing supplemental protein (Campling, 1970). Very low-
quality, mature forages have low availabilities of protein, due primarily to 
lignification and increased associations of protein with indigestible plant fiber (Van 
Soest, 1982). In situations of low forage availability (snow cover, drought, lowly 
productive areas, overgrazed areas), there may not be sufficient forage available to 
allow animals to express increases in intake. 
Effects on performance Feeding supplemental protein has been shown to 
improve or better maintain cow body weight and condition score during the winter 
feeding period. Clanton and Zimmerman (1970) reported that supplementing 
mature, nonlactating cows with protein allowed better maintenance of body weight 
(BW) and condition during winter than not providing supplement; higher protein 
supplements provided better results than did low-protein supplements. Cows not 
receiving supplement did exhibit compensatory weight gains the following summer. 
Protein supplemented cows had consistently higher birth and weaning weights. 
Providing increasing levels of CP (13, 25 and 39% CP) in a soybean meal (SBM)­
grain sorghum mix minimized beef cow condition and weight losses during the winter 
grazing period; only the high level of protein was effective in minimizing body 
condition (BC) losses just prior to calving. Calf birth weight increased linearly as the 
CP concentration in the cow's supplement increased (DelCurto et al., 1990b). 104 
Unsupplemented cows lost more BW during the winter grazing period on Montana 
range than did cows supplemented with either DL-methionine or SBM (Lodman et 
al., 1990). Feeding supplemental protein increased the ADG of cull cows consuming 
tropical grass hay, when compared to nonsupplemented cows (Brown and Johnson, 
1991). Lusby and Wetteman (1988) reported that cows fed higher levels of 
supplemental protein gained more weight and lost less BC prior to calving than did 
cows receiving lower protein levels. Lee et al. (1985) found that cows grazing poor-
quality forage and supplemented with high levels of protein postpartum maintained 
BW better than animals receiving either low levels or no protein supplement. In one 
of two studies, Hafley et al. (1993) reported increased gains when grazing steers 
were fed escape protein (blood meal and corn gluten meal (CGM)). Yearling steers 
receiving sunflower meal or soy-cottonseed meal pellets (38% CP; .45 kg hd-id) 
gained more weight during late summer in Oklahoma than nonsupplemented animals 
(Gill et al., 1984). Hennessey et al. (1983) found that steers consuming low-quality 
grass hay and supplemented with either 0, 600 or 1200 g of protein meal pellets 
gained more weight than steers offered either a grain or a grain-protein supplement. 
Increasing the level of CP in the supplement resulted in increases in gain. 
Maintaining adequate BW and BC during winter can promote improved 
reproductive efficiency and increase calf weaning weights. Wallace (1987) reported 
that, in southcentral New Mexico, protein supplementation of two-year old heifers 
during late gestation did not affect calf birth or weaning weights but did improve 
reproductive performance. In contrast, reproductive performance of mature cows 
was not affected by late gestation protein supplementation, but weaning weight of 
calves did increase. Clanton and Zimmerman (1970) found that protein 
supplemented cows had higher calf birth and weaning weights; similar results were 
noted by DelCurto et al. (1990b), in that increasing the level of CP in the supplement 
resulted in higher calf birth weights. Level of protein in a supplement fed to 105 
wintering beef cows had little effect on the interval from calving to first estrus,  cow 
reproductive efficiency and calf ADG (Clanton and Zimmerman, 1970; DelCurto et 
al., 1990b). Clanton (1982) reported that feeding high protein supplements during 
winter promoted earlier onset of estrus, increased birth weights and weaning weights 
compared to cows receiving lower levels of supplemental protein. Increasing the 
amount of a protein meal supplement to cows fed a low-quality hay promoted 
increased milk production and calf growth rates (Lee et al., 1985). 
Responses to protein supplements can be quite variable for beef cows grazing 
dormant range forage. This variability can be caused by changes in forage quality, 
forage quantity and environmental influences (Rittenhouse et al., 1970; Kartchner, 
1981). Body weight and BC changes were similar for beef cows grazing northern 
Great Plains winter range and receiving either no supplement, supplemental protein 
or grain in the first year of a two-year study by Kartchner (1981). Winter weather 
conditions during the second year were much more severe, with all cows losing BW 
and BC. DelCurto et al. (1991) observed improvements in BW and BC maintenance 
in mature beef cows winter grazing northern Great Basin rangeland and 
supplemented with either 0, 1.5, 3.0 and 4.5 kg of alfalfa pellets; the most dramatic 
response was noted with the first level of supplement. The magnitude of response 
was greater in the second year of the study, when weather conditions were much 
more severe. Overall, protein supplementation appears to improve animal weight 
and condition change on low-quality forages. Cow reproductive and calf growth 
responses are more variable. 
Effects on intake Protein supplementation may exert its positive influence 
on animal performance through improvements in forage intake. Providing beef cattle 
consuming low-quality roughages with supplemental protein often improves forage 
intake (Egan, 1965; McCollum and Galyean, 1985; DelCurto et al., 1990a,b). 
Providing increasing levels of SBM to cattle consuming 3.8% CP wheat straw 106 
increased forage intake by up to 36% with moderate to high levels of supplemental 
protein (Church and Santos, 1981). Feeding 800 g of cottonseed meal (CSM) to 
steers consuming 6.1% CP prairie hay increased hay intake by 27%, when compared 
with unsupplemented animals (McCollum and Galyean, 1985). Guthrie and Wagner 
(1988) found that providing low and high levels of supplemental SBM increased 
forage intake; higher levels of protein further increased prairie hay intake. Beefcows 
grazing native winter range in Montana during adverse winter weather, and 
supplemented with protein had higher intakes of range forage than either 
nonsupplemented or grain-supplemented cows (Kartchner, 1981). In one of three 
studies evaluating supplementation of dormant tallgrass-prairie forage, DelCurto et 
al. (1990a) reported that moderate (28% CP and high (41% CP) protein supplements 
increased forage DM intake (DMI), compared with low protein (12% CP) and 
nonsupplemented animals. Supplementation of dormant forage diets with either 13, 
26 or 39% CP SBM-grain sorghum increased forage intakes (DelCurto et al., 
1990b), with higher levels of protein supplementation having greater impacts on 
intake. In contrast, Freeman et al. (1992) reported that increasing supplemental 
feeding level or supplemental protein percentage had no effect on prairie hay intake. 
Studies have shown that an optimal level, or amount, of supplemental protein 
may exist, beyond which no further benefits in feed intake are obtained. Church and 
Santos (1981) reported that feeding 4 gkg BW." of supplemental protein elicited 
no further response in forage intake than did feeding 3 gkg BW.". Sunvold et al. 
(1991) fed steers consuming dormant tallgrass-prairie forage wheat middling-based 
supplements containing either 0, 15, 20 or 25% CP. Supplementation increased 
forage intake over control (nonsupplemented) ) animals, with the 20% and 25% CP 
supplements providing the greatest increase in intake. DelCurto et al. (1990b) found 
that intakes of dormant forage were maximized at moderate (26% CP) levels, 
compared to supplements containing 13% and 39% CP. Hennessey et al. (1983) 107 
found that doubling the amount of protein meal supplement offered to animals 
consuming low-quality hay (600 g vs. 1200 ghd-ld-1) did not double rates of 
forage intake (47% increase) or weight gain (63% increase). The "optimal" amount 
of protein may be related to a CP to digestible energy ratio (Egan, 1970; Hennessey 
et al., 1983); however, this would be extremely difficult to verify with any degree of 
certainty, due to varying classes of livestock and forage quality and quantity changes 
occurring in livestock production systems. 
Effects on digestibility Forage cells are comprised of two main parts: the 
interior of the cell, which contains nonstructural carbohydrates, proteins and other 
cell contents; and the supportive outside structure of the cell, which contains 
structural carbohydrates, such as cellulose and lignin. Removal or digestion of the 
readily available carbohydrate portions of the cell doesn't necessarily affect the cell 
wall portion. Van Soest (1982) found that cell wall constituents (NDF) are 
negatively correlated with intake (R2 = -.76), while in vivo and in vitro DM 
digestibility (DMD) are positively correlated with intake (R2 = .61 and .47, 
respectively). Van Soest (1982) also reported that the N content of forage acid 
detergent fiber (ADF), a measurement of hemicellulose content, is correlated 
positively with lignin and negatively with digestibility; thus, the more N that is 
associated with the ADF fraction of forage, the lower the digestibility. The amount 
of N available in the forage may also affect how animals respond to supplemental 
protein. When available N (total dietary N - ADIN, or unavailable N) content of 
forages is at 1% or lower (6.25% CP), providing a protein supplement will stimulate 
forage intake (Galyean, 1987). Cell wall content may play a role in determining the 
intake and digestibility of forage. In order for increases in intake to be expressed, 
cell wall content must exit the rumen at a faster rate and extent than normal to 
reduce the potentially limiting effect of increased ruminal fill (Campling and Balch, 
1961; Grovum, 1979). Factors which can reduce forage particle size sufficiently to 108 
allow passage through the reticulo-omasal orifice include comminution, rumination 
and increased rate and extent of forage digestion. While physical limitations such as 
ruminal fill may affect forage intake and utilization, other factors are most likely 
involved as well. 
Protein supplementation may function to improve forage DMD; however, 
total tract NDF digestibility can be highly variable (Rittenhouse et al., 1970; Church 
and Santos, 1981; Wiedmeier et al., 1983; DelCurto et al., 1990a; Sunvold et al., 
1991). Feeding a protein supplement to animals consuming wheat straw increased 
protein levels of the diet from 6.5% to 11% and improved DMD from 42% to 48.5% 
(Wiedmeier et al., 1983). Increasing levels (0, 1, 2, 3, or 4 gkg BW-75) of a protein 
supplement improved the digestibility of wheat straw, with the largest increase 
occurring with the first level of protein (Church and Santos, 1981); levels higher that 
1 g had little effect on digestibility compared to no supplement. Sunvold et al. 
(1991) reported that wheat middling supplementation of dormant bluestem range 
forage increased DMD and NDF digestibility at all levels of supplement fed. 
Digestibility of NDF was increased by adding incremental levels of a SBM-grain 
sorghum supplement to steers consuming dormant tallgrass-prairie forage (DelCurto 
et al., 1990a). Digestibility of NDF was greatest when moderate (26% CP) protein 
was provided. In contrast, Guthrie and Wagner (1988) fed a 4.2% CP prairie hay 
diet and offered either a corn grain supplement (13% CP) or low and high levels of 
SBM (32% and 42% CP, respectively). The higher levels of CP produced greater 
increases in OM, DM, CP, cellulose and ADF digestibility, when compared to the 
other supplement treatments. 
Supplemental protein may increase the rate of fibrous particle digestion. 
McCollum and Galyean (1985) fed .8 kg d of a 38% CSM supplement to steers 
consuming prairie hay (6.1% CP) and found that CSM addition increased the rate of 
in vitro digestion, compared to nonsupplemented digestion rates. Likewise, Caton et 109 
al. (1988) observed an increase in OM disappearance of esophageally collected blue 
grama range forage (8% CP) when animals were provided a 45.5% CP CSM 
supplement. These increases in digestion rates may be related to increases in rates of 
digesta passage previously reported. This may be one method by which 
supplemental protein promotes increased intakes, by increasing the rate of digestion. 
While protein supplementation of low-quality forages increases intakes, 
digestibilities are not always improved. Kartchner (1981) observed no changes in 
forage digestion in mature beef cows provided a protein supplement (.75 kg CSM or 
.70 kg SBM), when compared to nonsupplemented or barley grain supplemented 
cows; however, when weather conditions worsened, protein supplemented cows did 
exhibit improvements in forage digestibility. DelCurto et al. (1990a) reported that 
supplementation at various protein levels (12, 28 and 41% CP) did not affect NDF 
digestion in one study, but reducing the protein:energy ratio tended to decrease NDF 
digestibility in a later study. Sanson et al. (1990) showed that the level of CP in a 
protein-energy supplement had no impact on NDF digestion of a low-quality native 
meadow hay. Even if digestibilities do not change, increases in intake will improve 
the total digestible nutrients available to the animal. 
Effects on ruminal fill, digesta passage and fermentation Addition of a 
high-protein supplement to CP-deficient diets has been shown to increase the intake 
of forage (McCollum and Galyean, 1985; DelCurto et al., 1990a,b); however, protein 
supplementation may not affect fiber digestion (DelCurto et al., 1990a; Sanson et al., 
1990). These results suggest that ruminal fill and passage may be altered. Providing 
.8 kgd of CSM to steers consuming 6.1% CP prairie hay did not increase either 
ruminal liquid or particulate fill (McCollum and Galyean, 1985). Similar results were 
noted by Caton et al. (1988), in that a 45.5% CP CSM supplement did not influence 
ruminal liquid fill. Soybean meal supplementation (.5 kgd) of steers on blue grama 
rangeland had no effect on fluid volume of the rumen (Krysl et al. (1989). In 110 
contrast, other researchers have reported that supplemental protein additions 
increased ruminal fill of low-quality forage. DelCurto et al. (1990a) provided protein 
supplement to steers consuming low-quality bluestem range forage (< 3% CP) and 
found that moderate (28% CP) and high (41% CP) supplements increased ruminal 
DM and indigestible ADF (IADF) fill.  Steers receiving the high CP supplement had 
higher liquid volume and IADF and DM fill values. Hannah et al. (1991) observed 
increases in ruminal DM and IADF fill when dormant bluestem range forage was 
supplemented with low or high levels of CP. Increases in passage rate of indigestible 
DM were not sufficient to account for increases in intake noted with duodenally 
infused sheep, since at a given rate of passage, intakes were higher when sheep were 
in higher N balance; this suggested a higher fill level of the digestive tract with 
improvements in N status (Egan, 1965). Thornton and Minson (1973) reported that 
diets deficient in CP often display reduced fill. Results from these studies indicate 
that protein can increase fill, but not in all instances. 
Protein supplementation can greatly increase passage rates (% of fill/h) and 
outflow (kg or liters/h) of ruminal digesta (McCollum et al., 1985; Caton et al., 
1988; DelCurto et al., 1990a,b; Hannah et al., 1991). Cottonseed meal addition to 
low-quality prairie hay increased the fluid outflow rate by 20% and increased 
particulate passage rates by 35% over nonsupplemented control animals; mean 
retention time was also reduced for supplemented steers (54.9 h vs. 75.8 h; 
McCollum and Galyean, 1985). A 20% increase in liquid and particulate passage 
rate was noted for CSM-supplemented steers grazing blue grama rangeland (Caton et 
al., 1988). DelCurto et al. (1990a,b) and Hannah et al. (1991) both reported that 
protein supplementation of steers consuming dormant tallgrass-prairie forage 
increased digesta and liquid outflow from the rumen. Fluid dilution rate and total 
tract retention times of steers consuming prairie hay was reduced by protein 
supplementation (Freeman et al., 1992); however, particulate passage rate and the 111 
extent and rate of NDF digestion in situ were not affected by supplementation. Krysl 
et al. (1989) also reported no differences in particulate passage rates, gastrointestinal 
mean retention times and fluid dilution rates between control animals and those 
supplemented with .5 kgd of SBM. If digesta passage (% of fill/h) is not altered by 
protein supplementation, then ruminal digestive efficiency and kinetics may not be 
the controlling factors by which protein supplementation enhances low-quality forage 
intake. Instead, increases in fill and outflow of ruminal digesta appear to be a 
function of increased intake, not a factor causing increased intake. Thornton and 
Minson (1973) found no relationship between intake and DM fill, but did find that 
digestible OMI was correlated to OM disappearance; thus, intake may drive passage 
rate. The effects of protein addition on digesta kinetics and how these changes relate 
to increases in intake is still somewhat uncertain (Mertens, 1977). 
Changes in microbial populations due to supplementation may have an 
influence on digestive characteristics. Bacteria are generally believed to make the 
largest contribution to the fermentation process, since they are the predominant 
microbial inhabitant of the rumen. While the absolute value is still being debated, 
Satter and Slyter (1974) have suggested minimal concentrations for ruminal ammonia 
(NH3) of 5 mg/100 ml (3.6 mM) for maintaining optimal levels of ruminal ammonia 
(NH3); however, the optimal level of ruminal NH3 concentration needed to maximize 
digestion is variable and influenced by the chemical and structural characteristics of 
the diet (Mehrez et al., 1977). Providing supplemental protein to steers consuming 
blue grama range forage (Caton et al., 1988; Krysl et al., 1989) or dormant tallgrass­
prairie forage (DelCurto et al., 1990a) increased ammonia concentrations when 
compared to animals not receiving supplement. Steers provided .8 kgd of CSM had 
higher ammonia concentrations than unsupplemented animals (McCollum and 
Galyean, 1985). Feeding increasing levels and higher protein percentage 
supplements to steers consuming prairie hay elevated ruminal NH3 concentrations 112 
(Freeman et al., 1992). Increasing amounts of supplemental protein resulted in 
higher levels of ruminal NH3 in heifers consuming brome-alfalfa hay diets 
(Kirkpatrick and Kennelly, 1989). These observed increases in ruminal NH3 may 
increase the efficiency of microbial cell protein synthesis (Bergen et al., 1982; 
Merchen et al., 1986) and subsequently increase fiber degradation. Increases in 
forage intake with protein supplementation and concomitant increases in particulate 
and fluid passage rates may increase the efficiency of microbial growth and protein 
synthesis. This enhanced microbial activity may, in turn, be involved in reported 
increases in the rate and extent of fiber degradation (Bergen et al., 1982; Merchen et 
al., 1986). 
Volatile fatty acids (WA) are the end products of microbial fermentation. 
Supplementing wheat straw diets with protein can increase total WA concentrations 
(Pritchard and Males, 1982). Total concentrations of ruminal VFA was greater in 
CSM-supplemented steers than in control animals consuming blue grama range 
(Caton et al., 1988). While several studies have reported no effect of protein 
supplementation on total WA concentration (McCollum and Galyean, 1985; 
Kirkpatrick and Kennelly, 1989; Krysl et al., 1989; Freeman et al., 1992), changes in 
fermentation pattern have been observed. McCollum and Galyean (1985) reported 
that supplementation of prairie hay diets with 38% CP CSM increased molar 
proportions of propionate and lowered the proportion of acetate. DelCurto et al. 
(1990a) found reduced acetate:propionate ratios with higher concentrations of 
supplemental protein. A shift towards elevated concentrations of butyrate and 
branched-chain WA was also noted. The extent to which total WA concentration 
and(or) proportions alter energy metabolism cannot be definitely answered without 
more detailed information on the rates of production and absorption. Increased 
proportions of propionate, coupled with potential escape of natural protein (due to 
increased passage rates), might provide precursors for more efficient use of acetate 113 
at the tissue level (McRae and Lob ley, 1982). Hormonal changes in response to 
altered WA production and protein escape might influence intake and energy 
utilization. If VFAs are absorbed and utilized in proportion to their concentrations in 
the rumen, protein supplementation may be advantageous to the energy metabolism 
of the animal. Elevated levels of propionate, because of its gluconeogenic properties, 
may have a tissue-sparing effect during times of high nutrient demand and potentially 
low glucose supply (late gestation and early lactation), since the animal will not have 
to mobilize as much protein tissue reserves. 
Many interrelated factors may be affecting how supplemental protein affects 
the intake of low-quality roughages. Numerous researchers have suggested that with 
roughages containing less than 10% CP, intake is limited by reticulo-ruminal capacity 
(Campling and Balch, 1961; Campling, 1970; Grovum, 1979). However, Thornton 
and Minson (1973) indicated that the level of fill is not constant between low-quality 
diets, and that diets deficient in CP typically display low levels of intake and gut fill. 
Hormonal and (or) metabolic factors may also be involved in controlling or 
mediating forage intake (Baile and McLoughlin, 1987; Miner, 1992). Rate of digesta 
disappearance has also been suggested to exert an important influence on the 
voluntary intake of low-quality feeds (Ellis, 1978; Deswysen and Ellis, 1988). Work 
by Egan (1965) with sheep and Owens et al. (1991) with steers showed that 
postruminal infusions of nonprotein N (NPN) or casein improved the intake, fill and 
passage of low-quality feeds. The magnitude of response was similar to studies in 
which protein supplements were fed, suggesting that the largest effect of 
supplemental protein on feed intake is a metabolic one, mediated by an improved 
protein status in the animal. Owens et al. (1991) speculated that increases in intake 
with protein supplementation are due primarily to effects occurring postruminally; 
specifically, the tissue protein/energy status of the animal. Digesta passage from the 
rumen is not the rate-limiting factor, in terms of low-quality forage intake and 114 
utilization; rather, animal protein status appears to be the principle factor involved. 
Obviously, protein supplementation effects on intake are still unclear, and further 
research is warranted in order to better understand the true physiological responses 
of the animal to protein additions to low-quality forages. 
Ener2v Sumolementation 
Effects on Performance Energy supplements include grains such as corn, 
grain sorghum and wheat which contain less than 15% CP - low amounts, relative to 
the amount of digestible energy. While protein supplementation of low-quality 
forages, such as winter range forage, tends to promote increased intake and 
utilization, energy supplementation frequently has no impact or may slightly reduce 
animal performance. Steers consuming low quality grass hay and supplemented with 
sorghum maintained or lost weight (depending on feeding level), whereas protein 
supplemented steers gained weight (Hennessey et al., 1983). Feeding 3.86 kgd of a 
barley-based supplement had no effect on cow performance, reproductive efficiency 
or calf weight gains for lactating beef cows grazing spring and summer pastures in 
the northern Great Plains (Bellows and Thomas, 1976). When compared to 
unsupplemented cows, however, energy supplementation reduced grazing time, 
forage intake, fall pregnancy rate and served as a substitute for the range forage. 
Huston et al. (1993) reported that feeding a low level of a high-protein supplement 
increased forage intake relative to feeding high levels of a low-protein supplement. 
Low-protein supplementation appeared to increase the animal's nutrient status 
primarily by increasing the nutrients received from the supplement. DelCurto et al. 
(1990b) found that feeding a low-protein (13% CP) supplement to cows grazing 
dormant tallgrass prairie caused more BW and BC to be lost than did feeding a 
supplement containing 39% CP. In a series of experiments with heifers consuming 
low-quality forage, Clanton and Zimmerman (1970) reported that heifer gains were 115 
increased by adding a protein supplement but were unaffected by supplemental 
energy in the first year of the study. In year two, addition of energy to a low-protein 
supplement depressed gain, while adding energy to a high protein supplement 
stimulated improved gain. In contrast, Kartchner (1981) reported no differences in 
cow weight or condition changes between groups fed either protein (CSM or SBM) 
or barley grain under winter range conditions. Cows on native range forage lost 
more weight when supplemented with protein and energy than with protein alone 
(Sanson et al., 1990). Energy supplementation, either as corn or soybean hulls, 
increased gains above nonsupplemented animals grazing either smooth brome pasture 
or cornstalks (Anderson et al., 1988). The negative effect of feeding energy 
supplements to cattle on low-quality forages is most pronounced when grain is fed 
without additional protein. Lack of response to energy supplementation, therefore, 
may be due to low CP to digestible energy ratios. 
Effects on intake Energy supplements have been reported to either have no 
effect or depress intake of low quality forages. Increasing quantities of corn 
supplement caused a linear decline in forage intake (Chase and Hibberd, 1987). 
Doubling the level of supplemental corn resulted in a 17% reduction in intake and a 
21% decline in digestibility of low-quality forage. Increasing levels of corn 
supplementation reduced digestible DMI and estimated hay DMD in lambs fed 7.5% 
CP crested wheatgrass hays (Sanson, 1993). Providing supplemental barley during 
conditions of extreme winter weather and reduced forage availability reduced forage 
and total DMI of cows on winter range (Kartchner, 1981). Providing either 560 or 
1120 gd of grain sorghum resulted in 29.5% and 23% reductions in low-quality hay 
intake, when compared to nonsupplemented steers (Hennessey et al., 1983). 
Pordomingo et al. (1991) found that low levels of corn supplement (.2% BW) had no 
detrimental effects on intakes of summer native rangelands; however, higher levels 
(.4% and .6% BW) tended to reduce forage OMI. Similar results were reported by 116 
Martin and Hibberd (1990), in that low levels of soybean hulls (1 kg d) increased 
low-quality grass hay intake, while higher levels slightly reduced intake. In contrast, 
Galloway et al. (1993) reported increases in digestible OMI when growing steers 
consuming moderate quality, temperate or tropical grass hays were supplemented 
with .5% BW of corn or .7% BW soybean hulls. 
Studies evaluating both protein and energy supplementation show that energy 
responses appear to be influenced by the relative protein level. Hennessey et al. 
(1983) reported that increased protein supplementation level elevated grass hay 
intake by up to 43.5%, whereas increased energy supplementation depressed hay 
intake by 10% within the 600 gd protein level; however, increasing the level of 
energy at high (1200 gd) levels did not affect hay intake. DelCurto et al. (1990a) 
found that increasing the energy content of supplements without adequate protein 
availability reduced dormant forage intake and digestibility when compared with 
supplements containing greater proportions of protein, relative to energy. Homey et 
al. (1992) reported that early-vegetative meadow hay supplementation of fescue 
straw increased total DM1, DMD and cow performance when compared to alfalfa 
hay supplemented animals and nonsupplemented controls. Meadow hay was fed at a 
level 1.6 times greater than alfalfa in order to make supplements isonitrogenous. 
While supplementation reduced intakes of the basal diet (substitution effect), type of 
forage supplement had no effect on dormant forage intake. Lower concentrations of 
ADF and IADF in the meadow hay supplement indicated that meadow hay was more 
digestible and therefore provided more energy than did alfalfa hay. Although 
meadow hay CP content was only 12%, this level appeared to be sufficient to make 
the supplemental energy available to the animal. In a study evaluating the influence 
of supplemental protein versus energy level in animals consuming 3.4% CP grass 
hay, Elliot (1967) found that hay intake increased with increasing levels of 
supplemental protein; supplemental energy depressed intake at low levels of protein 117 
but had no effect at higher levels. These results support the views of Lusby and 
Wagner (1986), who stated that the negative effects of energy supplementation are 
most pronounced when dietary levels of CP are low. 
Effects on digestibility Energy supplementation of poor quality roughages 
can reduce fiber digestion. DelCurto et al. (1990a) reported that increasing the 
amount of supplemental energy without an adequate protein availability (in either the 
forage or the supplement) was associated with lower intakes and digestibilities. 
Feeding one, two or three kgd-1 of ground corn to beef cows on low-quality native 
grass hay caused hemicellulose and cellulose digestibility to decline linearly as the 
level of supplemental corn increased (Chase and Hibberd, 1987). Under conditions 
of severe winter weather and limited forage availability, feeding a barley-based 
supplement reduced the digestibility of forage, compared to nonsupplemented cows 
(Kartchner, 1981). Corn-urea supplementation reduced timothy hay DMD by 
approximately 10% when compared to control diets, while CGM had no effect on 
hay digestion (Cordes et al., 1988). Digestibility of NDF of both timothy and 
orchardgrass hay was reduced by energy supplementation. Depressions in fiber 
digestion from adding corn or barley were similar for animals consuming either warm 
or cool-season grasses (Brake et al., 1989).  Daily OM digested was higher for 
orchardgrass than for bermudagrass, and was also higher when barley was used as a 
supplement, compared to corn. Forage DMD and hemicellulose digestibility 
decreased as the level of supplemental energy in the diet increased from 1.98 gkg 
BW of starch from corn to 3.96 gkg BW of starch. Reductions in hay DMI with 
increasing levels of supplemental starch were also noted. These authors concluded 
that digestion varies with the type of forage, the type of grain fed, and the feeding 
level. 
Energy supplements containing moderate to high amounts of readily 
degradable fiber may not adversely affect forage digestibility to the extent that 118 
starch-containing supplements do. These supplements can provide additional energy 
without adversely affecting fiber digestion (Highfill et al., 1987; Cordes et al. (1988). 
Feeding energy supplements of higher fiber content (Anderson et al., 1988; Oliveros 
et al., 1989; Martin and Hibberd, 1990), or of relatively high rumen bypass 
(Arelovich et al., 1983; Fleck et al., 1987) may be methods by which the negative 
impacts of starch on ruminal digestion can be reduced. Adding one, two or three 
kgd of soybean hulls to a 4.1% CP native grass hay did not affect NDF digestibility 
(Martin and Hibberd, 1990), while total OMD and ADF digestibilities increased 
linearly with added increments of hulls. Dry matter digestibility was not affected, and 
in fact was enhanced, when supplemental protein and starch was added to a basal 
prairie hay diet (Arelovich et al., 1983). Treatments included a high-protein, low 
protein-low starch, and low protein-high starch supplement formulated to bypass 
rumen digestion. Oliveros et al. (1989) reported that corn fiber supplements 
increased NDF digestibility, compared to corn supplementation of brome hay diets; 
however, the level of fiber in the supplement may have confounded these results. 
Supplements containing fiber may be broken down more slowly than high-starch 
supplements such as corn grain; slower release of starch may substantially reduce the 
adverse affects of these supplements on forage digestion. Bypass starch sources may 
allow more energy to reach the lower gut, become absorbed and enhance the energy 
status of the animal without affecting the digestion and utilization of the forage 
component of the diet; however, recent research indicates that the capacity of beef 
cattle for starch hydrolysis and glucose absorption postruminally may be quite limited 
(Kreikemeier et al., 1991). 
As the quality of the forage in the diet improves, energy supplements tend to 
have little or no impact on forage digestion. Jones et al. (1988) found that feeding 
supplemental corn grain to cattle on warm-season grass (bermudagrass) did not 
affect fiber digestion, whereas cattle consuming cool-season grass (orchardgrass) 119 
exhibited improvements in fiber digestibility with supplemental corn feeding. The 
authors concluded that certain chemical constituents such as NDF may govern intake 
differences between cool and warm-season grasses, but physical characteristics 
(proportions and arrangements of tissues) may be more important in affecting 
digestion. Cattle grazing immature bluestem range forage and fed 1.82 kghd-id-1 
of supplemental grain sorghum exhibited only minor reductions in NDF digestion 
(Vanzant et al., 1990). While Golding et al. (1976) suggested that adding grain 
lowered the gross energy digestibility of low-quality roughages, Rittenhouse et al. 
(1970) reported that higher levels of supplemental energy did not influence forage 
digestion of steers consuming mixed-grass prairie winter range forage. Sorghum 
grain supplements provided gains equal to or better than SBM in years of average or 
below-average precipitation on shortgrass range (Launchbaugh and Brethour, 1966). 
In wetter years, SBM provided higher gains. These differences were attributed to 
changes in forage quality which occurred in the warm-season grasses. During times 
of abundant moisture, C4 grasses produce higher amounts of less digestible forage 
than during dry years. Adding corn or beet pulp supplements to forages of different 
qualities resulted in different patterns of in vitro DMD, leading Sanson (1993) to 
conclude that both forage quality and the type of energy supplement be considered 
when selecting an energy supplementation program. 
Results from these studies indicate that forage digestibility responses to 
supplemental energy are dependent on forage quality and the form of energy 
supplement. When forage quality is poor, then energy supplements tend to reduce 
digestibility, due to reductions in available N for cellulolytic bacteria. Also, microbes 
will preferentially digest the readily available and fermentable energy substrate 
instead of the poor-quality forage. As the quality of the forage improves, energy 
supplements do not affect, and in some cases may even increase, forage digestibility. 
Adequate N is made available for cellulolytic bacteria to break down forage, and 120 
additional energy is also available for microbes. Energy supplements may promote 
forage utilization of lush, early pasture growth characterized by extremely high 
protein:energy ratios. Passage rates of this high-moisture forage are quite rapid; 
rumen microflora may wash out of the rumen, and forage is not retained long enough 
to allow the microbes to adequately attach to and digest this forage. Under these 
conditions, supplemental energy can be advantageous, since energy is often the first 
limiting nutrient (Holechek et al., 1989). Provision of energy for microbial synthesis 
will allow microbes to make efficient use of the available protein in this forage. If the 
availability of low-quality forage is limiting, energy supplementation may be a viable 
alternative; however, if the goal is to optimize beef cattle performance with the 
maximum utilization of a high-fiber, low-quality roughage, energy supplements 
should not be used. 
Influences on ruminal fill, digesta kinetics and fermentation While 
energy supplements appear to have a depressing effect on the digestibility of forage, 
digesta kinetics do not seem to be affected. Feeding increasing increments of grain 
sorghum to steers on immature, early-season bluestem range did not affect ruminal 
particulate or liquid fill or passage rate (Vanzant et al., 1990). Likewise, Jones et al. 
(1988) found that particulate passage rates and liquid outflow of high-quality 
bermudagrass (12.1% CP) or orchardgrass (10.6% CP) hay diets were not affected 
by supplementation with low levels of corn. In contrast, the in situ digestion of 
alfalfa haylage diets was reduced by addition of corn (0, 20, 40 and 60% corn) to the 
diets (Hannah et al., 1990). The rate of in situ alfalfa digestion was the most rapid 
when no corn was added and the slowest when the diet contained 60% corn. 
Increasing the level of energy at low levels of supplemental protein depressed IADF 
and liquid flow in steers fed dormant bluestem-range forage (DelCurto et al., 1990a). 
Supplementing steers fed either 11.4% CP bermudagrass or 15.4% CP orchardgrass 
hay with either .5% BW corn or .7% BW soybean hulls had no effect on particulate 121 
passage rate (%11) or microbial efficiency (Galloway et al., 1993). Feeding 
supplemental corn at .2% of BW to steers grazing summer warm-season range 
(approx. 10% CP) increased particulate and fluid passage rates when compared to 
supplement levels of 0, .4% and .6% of BW (Pordomingo et al., 1991). Feeding 
energy supplements to animals consuming medium-quality brome hay (9.9% CP) 
reduced ruminal DM fill compared to protein supplemented animals; however, 
particulate passage rate and gastrointestinal and ruminal retention times were not 
affected by supplement treatment (Carey et al., 1993). Energy supplementation 
appears to impact digesta kinetics in animals consuming low-quality feeds, but not 
animals on higher-quality diets. 
Energy supplementation may reduce the activity of cellulose-digesting 
bacteria. El-Shazly et al. (1961) and Wallace (1986) have proposed that starch 
digesting bacteria take up and utilize nutrients more rapidly than do cellulolytic 
bacteria. This occurs at a time when ruminal NH3-N is already limiting to cellulolytic 
bacteria if a low-quality forage is being fed. Adding supplemental energy to these 
low-quality diets can cause ruminal ammonia levels to decline (Chase and Hibberd, 
1987; Martin and Hibberd, 1987). Pordomingo et al. (1991) reported that 
supplemental corn fed at .2, .4 and .6% of BW decreased the concentration of 
ruminal NH3 in steers grazing native summer range. These effects of supplemental 
energy may further limit the growth of cellulose-digesting bacteria and further 
depress fiber digestion. 
Energy feeding can definitely affect ruminal fermentation and alter VFA 
production. The predominant change noted is a shift in the proportion of acetate to 
propionate. Increasing levels of grain sorghum addition to supplements reduced the 
proportion of acetate in the rumen (Chase and Hibberd, 1987; DelCurto et al., 
1990a). Feeding 1, 2 or 3 kgd of soybean hulls to cows on low-quality native grass 
hay increased the total VFA concentration; the molar concentration of propionate 122 
increased linearly (Martin and Hibberd, 1990). However, Fleck et al. (1988) fed 
CGM to cows consuming native grass hay (5.1% CP) and found no effects of energy 
supplementation on total WA concentration or ruminal acetate levels. Pordomingo 
et al. (1991) found that butyrate concentrations increased as the level of corn 
supplementation increased, but total WA, acetate and propionate did not change. 
Energy supplementation of medium-quality brome hay (9.9% CP) increased total 
WA, acetate and propionate levels in beet pulp supplemented animals (Carey et al., 
1993), while increasing levels of grain sorghum supplementation of immature, early-
season range forage (6.1% CP) had no effect on the acetate: propionate ratio 
(Vanzant et al., 1990). Forage diets are typically high in acetate, which is important 
in lactating animals because of its affect on milk fat percentage; however, it is not as 
beneficial from an energy-utilization standpoint as propionate. Propionate is a 
glucogenic compound, and increasing the proportion of propionate produced in and 
absorbed from the rumen may improve the nutritional and energy status of the 
animal. Increases in propionate (a three-C compound) suggest a more efficient 
microbial fermentation (fewer ATP used/unit microbial mass); this offers the 
potential for increasing nutrient availability to the host animal. Propionate is 
produced by many different strains of rumen microorganisms; however, starch-
digesting bacteria are the principle producers of propionate, and too high a 
concentration of these particular microbes in the rumen can negatively impact forage 
digestion and utilization. 
Effects of supplementation on grazing behavior Supplementing ruminants 
on native range may alter normal grazing patterns and forage utilization 
characteristics. Feeding .3 kg100 kg BW of a corn supplement at 1330 reduced 
grazing time (hid), but increased forage intake, when compared to not 
supplementing or supplementing at 0730 (Adams, 1985). Average daily gain was 
improved for PM-supplemented steers, while rate of forage intake was lower for 123 
AM-supplemented steers. Supplementation did increase the distance which animals 
travelled. Mathison et al. (1991) found that supplementing whole and rolled barley 
to steers on hay-concentrate diets at 1530 improved the feed:gain ratio when 
compared to providing supplemental feed at 0830. In contrast, Yelich et al. (1989) 
reported that supplementing alfalfa at 0800 increased cow gains over PM and 
nonsupplemented cows. Morning supplementation resulted in longer cow grazing 
time (.7 Mid) than did PM supplementation. The authors postulated that the 
increased ADG in AM-supplemented cows may have been due to overall increases in 
average daily grazing time resulting in an increase in forage intake. This contrasts 
with the results of Adams (1985), who reported that PM-supplemented steers 
exhibited increased dietary energy intakes, but had lower energy expenditures 
(reduced grazing times), and were thus more efficient than AM-supplemented 
animals. McCracken et al. (1993b) fed pregnant heifers on early-spring fescue 
pasture supplemental methionine in a CSM carrier either in the morning (0700) or at 
noon (1200). Feeding in the AM increased the rate of NDF digestion but did not 
alter forage intake or rate of digesta passage. Similarly, Barton et al. (1992) found 
that the time of CSM supplementation (0700 vs. 1200) had a minimal impact on 
intake, digestion or digesta kinetics of dormant intermediate wheatgrass pasture. 
Providing 1.4 kghd-ld-1 of a 41% CP CSM supplement on a twice weekly basis 
did not influence the travel distance of beef cows on southcentral New Mexico 
rangeland (Rouda et al., 1990). While both Adams (1985) and Wagnon (1963) 
reported that supplemented animals travel further than nonsupplemented animals, 
Box et al. (1965) found that nonsupplemented cows walked an average of 3.5 kmd 
further than did supplemented cows. It appears that timing the feeding of 
supplement so as not to interfere with normal grazing patterns or activities should 124 
minimize the impacts of this practice on grazing behavior and forage intake; 
however, this optimum feeding time may vary with different classes of livestock, 
production practices and seasons of the year. 
Physical form and frequency of supplementation 
Daily feeding of protein meals and concentrates containing various levels of 
protein is the predominant method of supplementing forage-fed livestock. This 
supplementation program has been shown to increase animal performance and forage 
utilization (McCollum and Galyean, 1985; DelCurto et al., 1990a,b). However, 
other types of supplements may be more available and economical to feed in certain 
regions of the country. In addition, daily feeding may increase the labor and travel 
costs of supplementing, especially on vast semiarid rangelands (Melton and Riggs, 
1964). In these situations, less frequent supplemental feeding would have definite 
economic advantages. Supplementation programs will vary, due to variations in the 
class of livestock, production stage of livestock, forage quality and availability, and 
the cost and availability of supplemental feeds. However, it is in the best interests of 
the producer to develop the most economically sound supplemental feeding program 
he can, utilizing readily available feeds that will provide good results and be cost-
effective as well. 
Non-protein nitrogen The use of NPN as a protein supplement for low-
quality diets appears to offer great potential. Ruminant animals are able to assimilate 
NPN into microbial cell protein, which is then available for digestion and absorption 
by the host animal. Because of these properties, NPN supplements such as urea and 
biuret would seem to be acceptable alternatives to natural protein supplementation of 
low-quality roughages; however, this has not been the case. Clanton (1978), 
summarizing six experiments which investigated the value of urea and feed-grade 
biuret in supplements fed to winter range cattle, reported reductions in performance 125 
when animals consumed supplements containing > 3% urea or 6% biuret, as 
compared to a natural protein supplement. Natural protein supplements reduced 
weight loss in cows maintained on winter range forage when compared to 
isonitrogenous supplements containing urea and biuret (Rush and Totusek, 1976). 
Raleigh and Turner (1968) and Williams et al. (1969) have also reported depressions 
in beef cow performance when NPN is being substituted for a portion of a natural 
supplement. In contrast, Totusek et al. (1971) self-fed both liquid and dry 
supplements which contained urea and biuret to animals on grass or prairie hay. 
While self-feeding maintained animal performance as effectively as did natural 
proteins when prairie hay was fed, grazing animals receiving self-fed supplements 
lost more weight and body condition than did natural protein-supplemented cows. 
The overwhelming consensus is that NPN supplementation of low-quality feeds is 
not as effective as hand-feeding natural protein supplements. 
Many potential explanations exist as to NPN's limited potential as a N source 
for ruminants consuming low-quality feeds. One of the major problems in efficient 
utilization of urea, the most common NPN source, is the rapid release of ammonia. 
Bloomfield et a. (1960) indicated that urea hydrolysis occurred at a rate four times 
faster than the uptake of the liberated NH3. This increased NH3 concentration 
increases the passive transport gradient and ruminal pH, making conditions ideal for 
ammonia absorption into the blood (Bloomfield et al., 1963). As a result, much of 
the additional ammonia released from urea is absorbed before the ruminal bacteria 
can efficiently utilize it. Additionally, Chalupa (1968) suggests that assimilation of 
NH3 by ruminal bacteria may be limited by the availability of carbon skeletons, such 
as branched-chain VFA and other nutrients. Sulfur is a common nutrient suggested 
to impact the utilization of ruminal N, due to their interrelated role in microbial cell 
protein synthesis. The advantage of natural protein sources, in this scenario, is that 
as proteins are being broken down and eventually deaminated, carbon skeletons and 126 
other essential nutrients for microbial cell protein assimilation are being made 
available. These results indicate that NPN might be a more viable supplement if the 
availability of NH3 was more closely synchronized with ruminal fermentative 
processes and essential nutrients needed for bacterial growth. Because of the limited 
potential for NPN use as a winter range supplement, further discussion will be limited 
on this topic. Rather, the influences of other forms and frequencies of 
supplementation on animal performance and forage utilization will be discussed. 
Effects on performance As noted earlier, beef cattle performance is 
frequently enhanced by supplemental protein additions to low-quality forage diets. 
Many types of supplemental protein are available and, in some areas, these alternate 
protein sources are more available and economical to feed than traditional protein 
meal supplements. Alfalfa is a commonly grown and fed source of supplemental 
protein. DelCurto et al. (1991) found that adding increasing levels of pelleted alfalfa 
(1.5, 3.0 and 4.5 kghcrid-1) increased weight gains and reduced BC loss during 
the winter grazing period; levels above 1.5 kg had less of an effect than the first level 
of protein addition. Feeding cubed alfalfa hay or cottonseed meal-barley to cows 
grazing fall-winter range in the northern Great Plains increased weight gains and 
body condition when compared to nonsupplemented cows; no difference between 
supplemented groups was noted (Cochran et al., 1986). Similar results were noted 
by Judkins et al. (1987) with heifers on winter range. Pelleted alfalfa and cottonseed 
cake increased average daily gain when compared to nonsupplemented animals. 
Providing supplemental alfalfa hay at either .48%, .72% or .96% of BW had no 
effect on the reproductive performance of mature cows on bluestem range, even 
though the cows on the highest level lost less weight and condition prior to calving. 
Grazing time decreased in direct proportion to the increasing levels of alfalfa hay, 
suggesting that alfalfa was substituting for forage (Vanzant and Cochran, 1992). 
This substitution effect of alfalfa hay at higher levels of feeding was also noted by 127 
DelCurto et al. (1990c; 1991). Providing SBM-grain sorghum, long-stem alfalfa hay 
and dehydrated alfalfa pellet supplements to cattle grazing bluestem range showed 
that calving interval and pregnancy rate were not affected by the dam's previous 
supplementation treatment (Del Curto et al., 1990c). Dehydrated alfalfa pellet-
supplemented cows gained more weight the first 84 days and had lost less weight at 
calving and just prior to breeding than cows in other supplement groups. Alfalfa 
hay-supplemented cows exhibited greater weight loss later in gestation and just prior 
to breeding, as well as a greater overall loss in BC; losses in BC were lower in alfalfa 
pellet cows than either of the other supplementation treatments. 
Other high protein forages have received considerable research attention as 
possible protein sources.  Native pastures supplemented with an area of Leucaena 
leucophela (leucaena), a high-protein legume, reversed the typical pattern of 
liveweight losses during the cool, dry winter months in Australia (Cooksley et al., 
1991). In contrast, supplementing cool-season annual grass in the spring with .4 % 
of BW bermudagrass or orchardgrass hays depressed weight gains in heifers (Hubbell 
et al., 1992). Weight changes in steers, while not significant, appeared to be reduced 
by hay supplementation. Interseeding native pastures with high-protein legumes such 
as clover and alfalfa can improve forage quality and animal performance (Carlson et 
al., 1985). Addition of cool-season annual forages (rye, wheat, clovers) improved 
calf weaning and 205 d weights and reduced winter hay and supplement feeding with 
cattle on C4 grasses in northern Florida (DeRouen et al., 1991). 
In general, supplements with a high bypass potential do not appear to offer 
any advantages over rumen degradable protein (Karges et al., 1991). Cottonseed 
meal treated with tallow to enhance rumen escape did not improve either weight 
gains or feed:gain ratios in lambs, nor were cow or calf weight changes improved by 
bypass supplementation instead of feeding untreated CSM (Stanton et al., 1980). 
Cows fed .5 kg of a beet pulp supplement containing DL-methionine on an alternate­128 
day basis lost less weight and body condition than unsupplemented cows (Lodman et 
al., 1990); however, DL-methionine addition did not effectively substitute for SBM. 
No advantage of a DL-methionine and urea-containing supplement over a 
supplement containing only SBM was noted for cow BW and BC (Wiley et al., 
1991b), although this supplement did offer improvements in performance over no 
supplement at all. An earlier study by Wiley et al. (1991a) had shown that ruminally 
undegradable protein supplements (blood and CGM) improved weight gains 
postpartum and reduced the postpartum interval to first estrus when compared to a 
ruminally supplement containing SBM and wheat mill run.  Fleck et al. (1986) 
found CGM supplementation did not negatively affect ADG or the supplement:gain 
ratio of steers grazing summer range. Fernandez-Rivera et al. (1989) supplemented 
growing cattle grazing cornstalks with 163 gad of ruminal escape protein and 
observed improvements in ADG above those seen with either 213 g or 409 g of 
CPd provided by SBM; similar results were reported by Collins and Pritchard 
(1992) with alternate-day feeding of CGM and SBM. Hibberd et al. (1988) and 
Anderson et al. (1988) reported improvements in animal productivity when bypass 
protein was added to the diet. Factors which may have influenced these changes 
include inclusion of ruminally degradable protein (SBM) in all of the supplemental 
diets (Hibberd et al., 1988), and a higher quality forage being consumed by grazing 
animals (10-13% CP; Anderson et al., 1988). Growing heifers on mature grass hay 
and barley straw diets weighed more at puberty and required less TDN than did 
propionic acid supplemented animals to achieve similar gains. Bypass protein 
supplementation did increase the age at first estrus. Feeding a ruminally 
undegradable protein (blood meal and CGM) in excess of NRC CP requirements may 
improve energy utilization of heifers on mature forage, but may also delay the onset 
of estrus, when compared to monensin-fed heifers (Lalman et al., 1993).  Steers on 
native summer range in the Sandhills of northern Nebraska showed increased weight 129 
gains when fed supplements containing escape protein in addition to ruminally 
degradable protein (Karges et al., 1992). These authors stated that microbial protein 
synthesis may have been insufficient to satisfy the metabolizable protein requirement 
of the animal. However, the majority of research in this area seems to suggest that 
providing a rumen-degradable protein to animals on low-quality diets may improve 
fiber utilization and performance by making N available to the microbes in an 
otherwise limiting situation, while forage of higher quality would provide that N 
source for the microbes; in this instance, bypass protein supplies more protein 
directly to the small intestine, thereby enhancing the protein status of the animal and 
improving performance. 
Protein supplementation frequency may be reduced without causing adverse 
impacts on animal performance. Mcllvain and Shoop (1962) fed steers from .45 to 
.68 kghd-lid'' of a 41% cottonseed cake (CSC) supplement either daily, every 
third day or once weekly in equal amountsweek. The three frequencies produced 
similar gains for the summer, winter and total year. Feeding cows and heifers CSC 
either daily, twice per week or three times per week had no effect on the percentage 
calf crop weaned or the weaning weight of calves (Melton and Riggs, 1964). 
Reducing supplemental feeding frequency to two to three timesweek offered the 
important economic advantages of cutting both labor and travel in half. In contrast, 
Duvall (1969) concluded that alternate-day feeding of a 41% CP CSC or CSM 
supplement was more economical and improved animal performance,when compared 
to daily feeding or self-feeding when salt was used to limit supplement intake. Self-
feeding was associated with a lower cost of feeding - however, these savings did not 
pay for lower cow productivity. Alternate-day feeding of a barley-wheat-SBM pellet 
at .3 kghd-levery other day, when compared to daily feeding (.15 kghe d-1), 
provided similar changes in body weight of pregnant ewes, as well as similar lamb 
production (Thomas et al., 1991). Rowden et al. (1960) fed heifer calves 1.82 130 
kghd-id-1 of alfalfa hay either daily, twice weekly or once weekly. While total 
gains were similar among treatment groups, heifers fed once weekly tended to gain 
more during the winter, while daily and twice weekly feeding periods resulted in 
higher gains during the summer. Self-feeding supplements using salt to limit their 
intake have also provided performance results similar to those achieved by hand­
feeding (Riggs et al., 1953; Chicco et al., 1971; Muller et al., 1986). In contrast, 
Depeters et al. (1985) reported that while supplement blocks containing molasses 
and CSM reduced ewe weight loss, increased lambing performance and reduced 
labor needs, this supplementation program may not be profitable under their range 
conditions (northern California). The cost of the supplement blocks may not be cost 
effective when compared to flushing ewes with concentrates or forages just prior to 
and during breeding. The time of supplementation may also affect animal 
performance. Afternoon energy supplementation improved ADG (Adams, 1985) and 
the feed:gain ratio (Mathison et al., 1991) when compared to AM feeding. 
However, Yelich et al. (1989) found that providing alfalfa supplement at 0800 
improved ADG over both PM and nonsupplemented cows. The timing of 
supplemental feeding should be done to minimize any disruption of normal grazing 
behavior. 
Effects on intake When the goal of the feeding program is to optimize the 
use of the fixed-cost resource (forage), then supplements should be used which 
complement the forage base, not substitute for it. When feeding alfalfa or other 
bulky forage supplements, selection of the proper level is important, since physical 
factors such as fill may cause some substitution to take place. Total OMI was not 
affected by supplementing endophyte-infected fescue hay with bermudagrass or 
wheat hay at different supplementation intervals (Goetsch et al., 1988). These 
authors concluded that intakes of diets high in endophyte-infected fescue hay can be 
elevated by daily or intermittent offering of forage. Supplementing this infected hay 131 
with .3, .6, .9, or 1.2% of BW of bermudagrass hay increased total DML with similar 
intake values occurring at the .6, .9 and 1.2% BW levels; the largest increase was 
noted at the first level of supplementation. Addition of supplemental forage hay 
caused the intake of fescue to decline, due to substitution of supplement for basal 
diet (Stokes et al., 1988). In a related study by Stokes et al. (1988), corn 
supplementation had less of a depressing effect on fescue intakes. Supplementation 
of endophyte-infected fescue hay diets with either .5% or 1.0% BW of bermudagrass 
or clover hays found that supplemental forage had no effect on total diet DMI; 
however, supplementation at 1.0% of BW yielded greater total intakes than 
supplementation at .5% BW. Supplementation yielded intake substitution when 
forage was offered at .5% of BW, although incomplete substitution occurred with 
1.0% BW of supplemental forage, causing total intakes to increase relative to lower 
levels of supplement fed (Goetsch et al., 1987). Alfalfa supplementation (.5% BW) 
increased the OMI of bermudagrass hay offered to steers (Sun et al., 1991). Total 
OMI and improvements in liveweight gain of sheep consuming ground corncobs was 
elevated by the addition of alfalfa or a soy protein supplement; no differences 
between the two supplements were noted (Ndlovu and Buchanan-Smith, 1987a). 
Addition of either CSC or pelleted alfalfa hay supplements had no influence on the 
forage intake of wintering beef steers (Judkins et al., 1985). The forage 
characteristics of the basal diet, such as differences in forage maturity, fiber 
constituents and digestibility, all can profoundly influence animal response to 
supplement addition. Lagasse et al. (1990) fed supplemental alfalfa hay to steers 
consuming either bermudagrass or orchardgrass hay. An increase in OMI was noted 
with the addition of either a 15% or 30% alfalfa supplement to bermudagrass diets; 
only the 30% alfalfa supplement effectively increased the intake of the orchardgrass 
diet. DelCurto et al. (1990c) reported elevated forage intake values in steers 
supplemented with dehydrated alfalfa pellets when compared to either alfalfa hay or 132 
SBM-grain sorghum. Digestible DMI of the alfalfa supplemented groups were 
similar and higher than the SBM-grain sorghum group. While pelleting the alfalfa 
improved wintering cow performance, alfalfa hay turned out to be the least beneficial 
supplement. This may be related to the particle size of the supplements. Reductions 
in forage particle size increases the relative surface area, which allows rumen 
microbes greater opportunities for attachment and subsequent digestive activity. 
Firkins et al. (1986) found higher digestion of total digestible OM in steers fed 
ground vs. chopped prairie hay. Reducing particle size can also increase the rate of 
digesta flow and passage (Galyean, 1987). Smaller particles may also occupy less 
space in the rumen, thereby limiting possible distension-induced depressions in intake 
(Campling, 1970). Improved digestibilities and increased passage rates, which could 
improve nutrient absorption and the subsequent nutritional status of the animal, may 
be one way of increasing intake. From these studies involving forage 
supplementation, it becomes apparent that the level and type of forage fed are 
important. Higher quality forages such as alfalfa may stimulate or promote increased 
intakes, while other bulkier, lower quality feeds such as bermudagrass, may cause 
some substitution of the supplement for basal forage. Increasing the feeding level of 
any supplemental forage can also cause substitution. 
Providing a supplement containing both rumen degradable (SMB) and bypass 
protein (blood meal) improved weight gains, reduced BC losses and improved wool 
growth when compared to a SBM supplement, which was superior to a urea 
supplement (Hoaglund et al., 1992). While daily DMI, DMD, NDF and ADF 
digestibilities were not affected by supplementation of lambs consuming dormant 
range forage with either SBM, urea grain plus methionine, urea-grain (control) or a 
urea-grain plus inorganic sulfur, cow winter weight gains were higher for SBM than 
for any other supplemental treatment (Momont et al., 1993). Methionine addition to 
the urea-grain supplement did not increase digestibility of the grass or improve cow 133 
performance on dormant winter range. Corn gluten supplementation did not 
negatively affect forage intake on Oklahoma summer range (Fleck et al., 1987). 
Thus, bypass supplements do not appear to offer any advantages over rumen 
degradable protein sources. 
Supplementing bermudagrass hay diets with alfalfa hay daily (.3% BW) every 
other day (.6% BW), every third day (.9% BW) or every fourth day (1.2% BW) 
reduced NDF and OM intakes below that of nonsupplemented animals (Lagasse et 
al., 1990). Daily DMI was reduced by daily and alternate day supplementation 
regimes, compared to other frequencies. Separate feeding times for alfalfa and 
bermudagrass may have affected these results by providing inadequate fermentable 
substrate to support microbial growth to capture the N liberated from the alfalfa; this 
resulted in a high rate of ruminal NH3 absorption and subsequent reductions in DMI. 
Mehrez and Orskov (1978) suggested that a need existed for synchronization 
between rumen NH3-N and the availability of energy in the rumen. Total DMI was 
not affected by supplementing endophyte-infected fescue hay with bermudagrass at 
intervals of one (.5% BW), two (1.0% BW), three (1.5% BW) or four (2.0% BW) 
days; however, average daily fescue intake was greater for nonsupplemented steers, 
and fescue intake was also lower on days with than on days without bermudagrass 
supplementation, indicating some degree of substitution (Goetsch et al., 1988). 
Feeding CSM (3 g CPkg BW.") at 12, 24 or 48 h intervals increased DM and NDF 
intakes of low-quality grass hay, but frequency of supplementation had no effect 
(Hunt et al., 1989). The effects of self-fed supplements on forage intake are not 
clear; results that are available indicate that salt level may limit intake (Riggs et al., 
1953). Bergen (1972) reported that intraruminally infused salts caused intakes to 
decline when ruminal osmolality reached 400 mOsm. Rogers et al. (1979) employed 
a similar infusion technique and discovered that 1 kg of NaCl infused intraruminally 134 
will cause intakes to decline. Performance results (Riggs et al., 1953; Chicco et al., 
1971) suggest the contrary - that intakes are not adversely affected by the addition of 
salt for the purpose of limiting supplement intake. 
Intake of chopped fescue hay was not affected by providing supplemental 
CSM in early morning (0600), mid-morning (1000) or early afternoon (1400; Judkins 
et al., 1991). Afternoon feeding of corn grain to steers grazing fall range in Montana 
increased forage intake, compared to AM feeding, but reduced intake, relative to 
nonsupplemented animals (Adams, 1985). Offering a supplemental corn-SBM 
concentrate to sheep consuming low-quality fescue hay at 0800 enhanced forage and 
total DMI compared with PM (1500) supplemented animals (Howard et al., 1992). 
Offering a CSM-based supplement at 0700 or 1200 had no effect on the intake of 
early spring fescue pasture (McCracken et al., 1993) or intermediate wheatgrass 
pasture (Barton et al., 1992), although in the latter study, CSM supplementation did 
improve forage intakes. 
Influences on digestibility The effects of supplemental form on digestibility 
are somewhat varied. Alfalfa supplementation increased the rates of in sacco fiber 
digestion in sheep fed barley straw, bromegrass hay or corncobs (Ndlovu and 
Buchanan-Smith, 1985). In contrast, the apparent digestibilities of DM, OM and 
forage cell wall of corncob diets were reduced by alfalfa supplementation but not soy 
protein infusion (Ndlovu and Buchanan-Smith, 1987a). Similar results were reported 
by Judkins et al. (1985). Steers grazing dormant blue grama rangeland (12% CP) 
were supplemented with CSC, pelleted alfalfa or received no supplement. No 
influence of supplementation on OMD was noted. DelCurto et al. (1990c) found 
that supplementation with SBM-grain sorghum, dehydrated alfalfa pellets or long-
stem alfalfa hay did not enhance total tract DMD in animals consuming dormant 
range forage. Alfalfa hay supplemented and control animals had higher levels of 
NDF digestibility than the other two groups. Alfalfa addition did increase total tract 135 
NDF digestion of warm and cool season grasses; this response was not as great as if 
corn was added to the alfalfa supplement (Sun et al., 1991). Offering bermudagrass 
hay supplement at different frequencies to animals consuming endophyte-infected 
fescue hay resulted in lowering DM, OM, NDF and N digestion (Goetsch et al., 
1988). Offering bermudagrass or wheat hay supplements every fourth day resulted in 
wheat hay increasing DM, OM and NDF digestibilities above those of control 
animals, while bermudagrass reduced digestibilities below controls. Stokes et al. 
(1988) reported that supplementing bermudagrass hay at .3, .6, .9, or 1.2% of BW 
daily to steers consuming endophyte-infected fescue had no influence on digestibility 
of DM, OM, NDF and N constituents. Addition of small grains forage (immature 
wheat and oats) to native range hay increased digestibility of DM and N; however, 
fiber digestibilities were not affected (Coleman and Wyatt, 1979). Providing 
bermudagrass or clover supplemental forages to animals on endophyte-infected 
fescue hay at either .5% or 1.0% of BW did not change DM or OM digestion relative 
to control (nonsupplemented) animals (Goetsch et al., 1987). Corn grain and wheat 
hay supplements were offered at .5% or 1.0% BW in an additional experiment. Total 
DMI was greater with the 1.0% BW level of supplement vs. .5% BW, and was 
greater for corn rather than wheat hay supplements. Digestion of NDF rose when 
wheat hay was offered at 1.0% vs. .5% of BW but declined when the level of 
supplemental corn rose from .5% to 1.0% of BW (Goetsch et al., 1987). Hannah et 
al. (1991) fed steers consuming dormant bluestem range forage (2.3% CP) either 
supplements containing SBM-grain sorghum in differing proportions to achieve 
12.8% CP or 27.1% CP, or a dehydrated alfalfa pellet supplement (17.5% CP). The 
alfalfa pellet supplement increased ruminal OMD and total tract NDF digestibility 
above the control and low CP supplement; however, the 27.1% CP supplement had 
higher total tract OMD than did the alfalfa pellet supplement. On the whole, 136 
dehydrated alfalfa pellets produced responses similar to a 27% CP meal mix; these 
treatments increased forage intake, digestibility and duodenal N flow, compared to 
the lower CP and control treatments. 
Addition of methionine to a urea-grain supplement did not alter forage DMD, 
NDF and ADF digestibility when compared to urea-grain only, urea-grain plus 
inorganic S or SBM supplements (Momont et al., 1993). Paterson et al. (1983) 
found that supplements of high ruminal N degradability (such as SBM) increased N 
digestibility by 8% and 21% in two lamb trials, when compared with an escape 
protein supplement. Dry matter digestibility was not affected by the source of 
protein; however, results from lamb growth trials suggested that escape protein 
supplementation promoted faster gains than did ruminally degradable supplements. 
The source of supplemental protein (urea, SBM and CGM) at either 10.5 % or 12% 
CP had no effect on steer performance, except that steers fed urea consumed more 
feed than those fed CGM. No advantage of supplementing with ruminally 
undegradable proteins was noted in this study, nor did the source of supplemental 
protein have any affects on N retention (Merchen et al., 1987). Kirkpatrick and 
Kennelly (1989) fed pregnant Holstein heifers on brome-alfalfa hay diets supplements 
containing various levels of canola meal, meat and bone meal (MBM) and SBM. 
Ruminal OM digestion was affected by escape protein source (MBM); digestibilities 
of these diets were lower than other supplemental treatments. Results from studies 
evaluating bypass protein sources for low-quality roughages suggest that these diets 
are not limiting in digestible protein above that supplied by the rumen 
microorganisms. While methionine has been suggested as a rate-limiting nutrient for 
ruminal digestion and host animal metabolism (Petersen, 1987; Clark and Petersen, 
1988); subsequent research has yielded mixed results and suggest that sulfur, not S-
containing amino acids, may be limiting in these situations (Sorensen et al., 1991; 
Momont et al., 1991). 137 
Reducing supplementation frequency would offer economic advantages such 
as reduced labor and travel, providing that animal production and forage utilization is 
not adversely affected. Hunt et al. (1989) fed steers a low-quality grass hay (6.6% 
CP) and added a CSM supplement (3 g CPkg BW75) at either 12, 24 or 48 h 
intervals. No differences in DMD and NDF digestibility between supplemental 
groups and between supplemental and control animals was evident. Dry matter and 
N digestion was not affected by supplementing wethers and steers on cornstalks with 
CGM or SBM at 24 or 48 h intervals (Collins and Pritchard, 1992). Increasing 
supplemental protein frequency from once to twice daily improved ruminal DM 
disappearance of wheat straw (Pritchard and Males, 1985); more uniform 
concentrations of ruminal ammonia occurring with more frequent supplementation 
may have contributed to this response. Supplementation frequency appears to exert 
a minimal influence on forage digestibility characteristics. 
Judkins et al. (1991) reported that AM or PM supplementation had no effect 
on rate of DM and NDF disappearance; however, Howard et al. (1992) found that 
sheep on low-quality tall fescue hay had higher values for total tract OM and ADF 
digestibility when supplemented with concentrate at 1500 vs. 0800 h. In contrast, 
supplementing steers on low-quality grass hay with CSM at 0700 increased the in 
situ rate of DM and NDF disappearance and the rate of NDF fermentation, when 
compared to PM-supplemented animals (McCracken et al., 1993b). 
Supplementation at either 0700 or 1200 increased the in situ rate of DM and NDF 
disappearance, relative to nonsupplemented animals.  Coleman and Wyatt (1979) 
mixed small grains forage (immature wheat or oats) with native grass hay during 
chopping. This mixture was fed either daily, every other day or every fourth day. 
While adding supplemental forage increased digestibility when compared to control 
diets, DM, OM and CP digestibilities all declined slightly as the interval between 
supplement feeding increased, due perhaps to lower amounts of dietary DM coming 138 
from the supplement, especially when fed at four-day intervals. Supplement feeding 
frequency did not influence the digestibility of fiber fractions. Using salt to limit the 
intake of CSM in a self-fed supplement increased protein and crude fiber 
digestibilities by 8% and nitrogen-free extract (NFE) digestibility by 5%, when 
compared to hand-fed supplements containing no salt (Riggs et al., 1953). Results to 
this point indicate that the effects of supplementation frequency on the digestion of 
forage-based diets, while minimal, are somewhat variable. 
Influences on ruminal fill, digesta kinetics and fermentation  Traditional 
protein supplementation programs (daily protein meal additions) typically increase 
digesta kinetics and alter fermentation patterns; ruminal fill may or may not change. 
Supplementing low-quality roughage diets with chopped alfalfa hay increased 
passage rates of indigestible material by 64%, elevated ruminal NH3-N levels by 49% 
and increased the ruminal concentrations of valerate and isovalerate in animals on a 
corncob diet; isobutyrate levels were elevated in animals consuming barley straw 
(Ndlovu and Buchanan-Smith, 1985). Branched-chain VFA's are required for the 
growth and development of cellulolytic strains of bacteria, and may be limiting in the 
ruminal environment (Bryant, 1973). However, Gunter et al. (1990) reported that 
supplementing low-quality grass hay (8.5% CP; fescue-orchardgrass hay) with 
branched-chain WA (4 and 5-carbon; isovalerate, isobutyrate, valerate) containing 
supplements intraruminally did not affect the processes of digestion and fermentation. 
These authors concluded that supplementation of low-quality roughages with 
branched-chain WA is not justified. It may be that other changes associated with 
supplementation, such as improvements in the NH3-N status of the rumen, could 
work in conjunction with WA changes to enhance digestion.  Supplementation of 
dormant tallgrass-prairie forage with either SBM-grain sorghum, alfalfa hay or 
dehydrated alfalfa pellets increased ruminal DM fill, with alfalfa pellets having the 
greatest response (DelCurto et al., 1990c). Supplementation increased IADF flow 139 
and liquid volume. Liquid dilution rate was the highest in alfalfa hay-supplemented 
steers, while liquid flow was elevated by alfalfa supplementation over controls and 
SBM-grain sorghum supplemented animals. Total WA and butyrate concentrations 
were elevated by supplementation, with alfalfa again eliciting the largest response. 
Alfalfa hay and alfalfa fiber increased ruminal WA concentrations and increased the 
rate of digesta passage in sheep consuming corncob-urea diets (Ndlovu and 
Buchanan-Smith, 1987b). Judkins et al. (1987) reported increased proportions of 
propionate and reduced acetate levels in alfalfa pellet-supplemented steers versus 
animals receiving no supplement or a CSC supplement, indicating that a shift in the 
microbial population and fermentation had occurred. Supplemental treatment had no 
influence on passage rates, fluid dilution rates, ruminal volume and outflow rate and 
ruminal pH. Alfalfa supplemented and control diets had similar concentrations of 
NH3-N at 11 h postsupplementation; these values were lower than values for CSC 
supplements. Particulate passage rate was higher when a bermudagrass or clover hay 
supplement was offered at 1.0% instead of .5% of BW to animals on endophyte­
infected fescue hay diets (Goetsch et al., 1987). Increasing the level of supplement 
had a positive effect on fluid passage rate with clover, but a negative effect with 
bermudagrass. Supplementation of the same basal hay diet with .5 or 1.0% of BW of 
corn or wheat hay had no effect on particulate and fluid passage rates. As the level 
of supplemental bermudagrass rose from 0 (control) to 1.2% of BW for steers on 
endophyte-infected fescue hay, particulate passage rates (%011) remained unaffected 
(Stokes et al., 1988). When fed to sheep on a basal diet of ground corncobs, 
chopped alfalfa hay increased digesta passage rate but not digesta fill, whereas soy 
protein infused postruminally increased fill, but did not affect passage rate (Ndlovu 
and Buchanan-Smith, 1987b). Elevated passage rates caused nutrient digestibilities 
to decline; however, total daily intake of nutrients was enhanced, since the increase in 
intake more than compensated for nutrients lost through reduced digestibilities. 140 
These results mirror those seen with conventional protein meals, indicating that other 
forms of ruminally degradable supplemental protein can be beneficial, as well as 
economical, sources of protein and energy. 
Providing DL-methionine and urea in a beet pulp carrier increased ruminal 
NH3-N concentrations over those provided by similar supplements without urea and 
one supplement containing SBM (Wiley et al., 1991b). Cows in this study were kept 
in confinement and fed chopped cool-season native grass hay and wheat straw in a 
50:50 mix. In situ DM disappearance rates were similar for beet pulp-urea 
methionine and SBM supplements, but higher than for supplements containing 
methionine, but no urea. Cows grazing native range and supplemented with SBM 
had higher rates of DM and NDF disappearances. Cows grazing native Montana 
winter range and fed .4 kg of a SBM supplement every other day increased the in situ 
rate of NDF disappearance, when compared with feeding 7.5 g of DL-methionine in 
.5 kg of beet pulp carrier (Lodman et al., 1990). Soybean meal maintained higher 
purine concentrations in the rumen throughout the supplementation cycle, leading the 
authors to conclude that low levels of ruminal NH3-N limited microbial growth 
response to DL-methionine. Feeding SBM provided the greatest increase in ruminal 
NH3-N; bypass proteins (CGM, blood and fish meals) had lesser increases. Soybean 
meal had the lowest proportion of N escaping ruminal degradation, while CGM and 
blood meal N escaped degradation to the greatest extent; fish meal N was 
intermediate (Titgemeyer et al., 1989), indicating that even among bypass proteins, 
some are more rumen degradable than others. In situations where ruminal NH3-N 
may be limiting (low-quality roughages), rumen degradable protein may increase 
ruminal NH3-N levels and enhance the host animal's nutritional status. At similar 
concentrations of CP, supplements which contained SBM or MBM had similar levels 
of ruminal NH3-N (Kirkpatrick and Kennelly, 1989). Increasing the concentration of 141 
CP in ruminally degradable supplements caused NH3-N concentrations to increase, 
which should enhance microbial activity and improve the utilization of available 
forage. 
Feeding a ruminally degradable protein source, such as SBM or urea, should 
elevate the NH3-N levels in the rumen, especially if low quality diets are being 
consumed. In many of these instances, ruminal NH3-N levels could be too low for 
optimal microbial activity. Satter and Slyter (1974) stated that 5 mg NH3*100 ml is 
recommended for optimal microbial activity. However, Petersen (1987) stated that 
this level is greater than the concentration required for maximal microbial protein 
synthesis. The concentration of NH3 in the rumen is not necessarily related to the 
intracellular NH3 concentrations of bacteria, which is important for microbial growth. 
Ruminal ammonia concentration is a balance between production and microbial 
utilization. Lower values may reflect low rates of turnover and efficient growth, 
rather than a deficiency per se. This balance may partially explain the lack of 
ruminant response to NPN supplements; when diets low in protein are fed, NH3 is 
not limiting. Responses to supplemental protein, which include increased 
digestibilities and increased intakes, may be due to microbial growth factors being 
supplied by that protein. These include compounds such as amino acids, branched-
chain VFA for carbon skeleton synthesis, or minerals, rather than satisfying a 
microbial requirement for ammonia. Much work remains to be done in this area 
before we can say for certain what exactly is behind the positive responses elicited by 
protein supplementation. 
While the influences of self-fed supplements on digesta kinetics have not been 
measured, the effects of different feeding frequencies has been investigated. Feeding 
a barley-SBM-urea pellet twice daily (0600 and 1800) increased the concentration of 
ruminal NH3-N, when compared to once daily feeding or animals receiving no 
supplement and consuming smooth brome-alfalfa hay. Total concentration of VFA 142 
was higher with twice per day feeding; however, both supplemental groups had levels 
below that of the control animals. Increasing the frequency of feeding provided a 
more constant level of fermentable substrate and, therefore, a more constant ruminal 
NH3 concentration (Pritchard and Males, 1982). Wethers or steers consuming corn 
stalk-based diets had higher ruminal NH3-N levels when SBM supplements were fed, 
vs. CGM supplementation; however, supplementation frequency (24 vs. 48 h) did not 
affect ruminal NH3 concentrations, indicating that bypass protein can be fed less 
frequently and not negatively impact the digestive process. Molar concentrations of 
acetate and propionate, as well as total concentrations of VFA, were not affected by 
the type or frequency of supplement offered (Collins and Pritchard, 1992). Hunt et 
al. (1989) reported that CSM supplementation at 12, 24 or 48 h intervals did not 
affect passage rates and ruminal VFA concentrations in steers fed low-quality grass 
hay. Protein supplementation did increase these parameters, relative to animals 
receiving no CSM. Ruminal ammonia levels were higher with 24 vs. 48 h 
supplementation; 12 h and 24 h values were similar, indicating that more frequent 
protein supplementation may elevate ruminal NH3 levels. Providing supplemental 
CSM at either 0700 or 1200 did not alter particulate and ruminal fluid kinetics, pH, 
WA concentrations and ruminal NH3-N concentrations in heifers consuming low-
quality grass hay (McCracken et al., 1993b). Providing supplemental CSM to steers 
on intermediate wheatgrass pastures at 0700 or 1200 had no effect on digesta 
kinetics or ruminal NH3-N and total WA concentrations; however, protein 
supplementation did improve these digesta characteristics, as well as the extent and 
rate of in situ NDF disappearance (Barton et al., 1992). Ruminal fluid kinetics were 
not influenced by the time of providing supplemental CSM (0600, 1000 or 1400); 
however, total WA concentrations exhibited linear and quadratic responses to 
supplementation time. All supplementation times resulted in peak concentrations of 
NH3-N, lasting approximately 8 h before returning to presupplementation levels. 143 
Molar proportions of acetate and propionate also exhibited myriad interactions of 
supplementation time and sampling time. In general, total VFA concentration was 
greater in animals supplemented at 0600 and 1000 as compared to control and PM 
supplemented animals. Peak concentrations of NH3-N were greater when animals 
were supplemented in the morning than in the afternoon. These results seem to 
indicate an advantage to AM supplementation of CSM to fescue hay diets (Judkins et 
al., 1991). Feeding a supplement containing DL-methionine, urea and beet pulp 
elevated ruminal NH3-N concentrations above those from a SBM supplement or a 
supplement containing only DL-methionine and beet pulp (Wiley et al., 1991b). 
Soybean meal and DL-methionine-beet pulp supplements had higher ammonia values 
than did control (nonsupplemented) animals. Elevated levels of ruminal NH3-N 
undoubtedly were caused by addition of urea to the diet. While these results appear 
to indicate that more frequent feeding of supplemental protein will improve ruminal 
concentrations of NI-13-N, the lack of differences in intake, digestibility and 
performance indicate that reducing the frequency of supplementation may well be a 
viable management tool. 
Effects on grazing behavior Altering the form or frequency of supplement 
feeding may have an impact on grazing behavior. While Rouda et al. (1990) found 
that supplemented cows travelled similar distances as nonsupplemented cows, Box et 
al. (1965) reported that nonsupplemented cows walked an average of 3.5 kmd 
further than did supplemented cows, indicating that in this instance, supplementation 
had significantly impacted grazing behavior. In contrast, Wagnon (1963) and Adams 
(1985) both found that supplemented animals travelled further than did non-
supplemented animals. Daily supplementation at 0800 reduced grazing time 
(Wagnon, 1963); however, time of supplementation (0730 vs. 1330) did not impact 
distance travelled (Adams, 1985). Barton et al. (1992) found that while CSM 
supplementation reduced the time that animals spent grazing, providing supplement 144 
at 0700 or 1200 had no effect on grazing time. Cows supplemented with long-stem 
alfalfa hay spent less time grazing than cows supplemented with dehydrated alfalfa 
pellets or SBM-grain sorghum (DelCurto et al., 1990c); this difference was attributed 
to the greater time required by cows to consume the alfalfa hay supplement ( ten 
minutes for alfalfa pellets and SBM-grain sorghum vs. >1 h for alfalfa hay). The fill 
of consuming alfalfa hay may also have reduced intakes of native forage, which could 
have caused the reductions in animal performance noted in this study. Adams (1985) 
reported that steers supplemented with corn in the afternoon (1330) grazed less, but 
had greater forage intakes, than did AM (0730) supplemented animals. Yelich et al. 
(1989) also reported that AM-supplemented cows had longer grazing times; 
however, forage intake and gain was higher in this group of cows than in animals 
supplemented in the afternoon. Utilizing a meal salt mix to improve grazing 
distribution on rugged semiarid rangeland has been recognized as a benefit of self-fed 
supplementation (Ares, 1953; Martin and Ward, 1973). Providing a mix in more 
remote, less accessible areas far from water may serve to bring animals into this area 
to better utilize the available forage, and to prevent overuse of areas near water 
sources. Ares (1953) concluded that feeding a CSM-salt mix away from water 
increased the range area receiving proper use by 84%, reduced the heavy use areas 
by 52%, virtually eliminated excessive use areas and also reduced the areas lightly 
used. Supplementation may alter typical grazing patterns, and offering supplemental 
hay may increase the time required to consume supplement and, therefore, reduce 
grazing time. The physical form, frequency and time of supplementation does alter 
certain aspects of grazing behavior, especially time spent grazing and forage intake. 
Offering a self-fed, salt-limited supplement provides the additional benefit of 
improving grazing distribution. 145 
Part 6. Statement of the Problem 
It becomes evident, from the preceding literature review, that livestock 
grazing in the northern Great Basin is a complex, difficult task. Producers in this 
region face many issues, challenges and problems which have no clear solutions. 
Extreme shifts in environmental conditions can have major impacts on both forage 
health and production and the well-being of range livestock. The rugged topography 
and ecological diversity of rangelands in this area complicates grazing management. 
As concerns over proper livestock distribution and range utilization continue to arise, 
livestock producers and public land managers scramble to devise new and improved 
management systems. A great deal of time and effort has been invested in research 
addressing many of these issues - however, much remains to be done. 
Public agencies and livestock producers are working to integrate livestock 
grazing into the multiple-use management philosophy being used on public lands. 
This not only involves promoting proper stocking rates, animal movement and forage 
utilization, but also minimizing conflict with other users of the range. Winter 
grazing, as earlier discussed, is a grazing management program which is compatible 
with multiple use. However, winter grazing is not without its drawbacks, the most 
notable of which is the winter environment. Numerous studies have shown that 
grazing animal performance is drastically reduced during periods of adverse winter 
weather (Kartchner, 1981; Adams et al., 1986; DelCurto et al., 1991); however, the 
mechanisms involved in this response are not clear. Obtaining information on the 
severity of environmental stress needed to elicit a response, how animals respond to 
different types and degrees of stress, and the ability of grazing animals to adapt to 
extreme winter weather conditions would allow producers to alter or improve their 
winter management program in order to respond to changes in winter weather 
conditions. In addition, detailed study of these responses may allow the formulation 
of guidelines and recommendations for winter grazing programs, such as determining 146 
where they are feasible and what kinds of preparations or precautions are needed. It 
would also provide an increased understanding of nutritional, behavioral and 
physiological changes occurring as a result of changing environmental conditions. 
Another potentially limiting aspect of winter grazing involves the 
consumption of low-quality, dormant range forage. While this forage will not meet 
the requirements of dry, pregnant beef cows (NRC, 1984), protein supplementation 
has been shown to improve utilization of low-quality forage (Clanton and 
Zimmerman, 1970; DelCurto et al., 1990a,b,c). The key to a proper supplementation 
program is to provide a supplement which improves animal performance, does not 
substitute for the forage resource, and is economical to feed. In the northern Great 
Basin, alfalfa is a readily available and economical source of supplemental protein. 
Alfalfa is often fed in the pelleted form; however, pelleting is somewhat expensive, 
and feeding long-stem alfalfa hay would be an economically advantageous 
alternative.  Reducing the frequency of supplementation also offers potential as a 
means of improving animal performance while reducing labor and travel costs. 
Investigation into the effects of the physical form and frequency of alfalfa 
supplementation for cattle on winter range could help determine a supplementation 
program offering the optimum mix of reduced costs and improved animal 
performance. 
The potential may also exist to improve the quality of forage available for 
winter grazing. Grazing winter range in early spring may stimulate plant regrowth. 
These plants would then be in a more vegetative state at the onset of summer 
dormancy, thereby improving the quality of the dormant forage resource. This 
would have the effect of improving animal performance while reducing the amount of 
supplemental feed needed to ensure adequate nutrient intake. However, early spring 
grazing may reduce forage quantity; this reduction may outweigh any improvements 
in forage quality by reducing the animal's ability to selectively graze. Research in this 147 
area is needed in order to determine whether winter forage quality can be enhanced 
by early spring grazing, or if improved forage availability caused by grazing exclusion 
may be more important than enhanced diet quality. 
Forage quality is typically high early in the grazing season, then declines as 
summer progresses. In the presence of fall moisture, plant regrowth can occur. 
However, changes in forage quality over longer periods of time (years), and the 
factors which affect these changes, are not as well understood. Differences in 
temperature and precipitation patterns between years may alter forage production, as 
well as forage quality. Obtaining information on how diet quality varies across years, 
and what factors contribute to these changes, would allow livestock producers and 
public land managers to adjust or adapt their grazing plans to account for these 
changes. Also, additional information would be obtained on plant response to 
environmental changes, both within and among growing seasons. 
The following four chapters contain manuscripts which describe research 
designed and implemented to address some of the previously mentioned issues and 
concerns. Specific objectives include: 1) determining the effects of both season and 
year on diet quality of beef cattle grazing northern Great Basin rangelands; 2) 
comparison of physical form and frequency of alfalfa supplementation for beef cattle 
winter grazing northern Great Basin rangelands; 3) determine environmental 
influences on beef cattle performance, forage utilization, grazing behavior and 
physiology, and 4) determine the effects of early spring grazing on the quality and 
quantity of forage available for winter grazing. Hopefully, information obtained from 
these research projects will be useful in the development of grazing strategies which 
are beneficial to both rangeland resources and animal agriculture. 148 
Chapter 3. Year and Season Effects on Diet Quality of Beef Cattle
 
Grazing Northern Great Basin Rangelands
 
S. D. Brandyberry, T. Del Curto, R. K. Barton, J. A. Rose and K. H. Brandyberry 
Eastern Oregon Agricultural Research Center, Oregon State University, Burns and 
Union, Oregon 149 
Abstract 
Quality of diet selected by grazing animals will vary during the grazing season; 
however, changes in plant chemical composition across seasons may also affect diet quality 
and subsequent animal performance. To address these concerns, the effects of year and 
season on diet quality were determined for beef cattle grazing northern Great Basin 
rangelands. Diet quality samples were obtained from five to six esophageally fistulated 
steers on two consecutive days of each month from early spring to late summer of each 
year from 1990 to 1993. Growing season precipitation totalled 158.8, 246, 231.1 and 
523.5 mm for 1990 through 1993, respectively; these levels are 57%, 89%, 83% and 
189% of the mean annual precipitation. Total forage production was increased by 245% 
in 1993 vs. 1992 (P<.05). A significant (P<.01) year X season interaction existed for all 
diet quality constituents; therefore, yearly effects within season were analyzed. Forage 
quality was high early in the growing season in all years; as the seasons progressed, fiber 
concentrations increased and digestible protein decreased. While numerous year-to-year 
variations were significant, overall trends were also evident. Plant chemical composition 
was higher early in the growing season (April and May) in 1992 and 1993 than in either 
of the first two years. As the season progressed, a shift in diet quality was observed, with 
1990 and 1991 values becoming higher than 1992 and 1993.  September diet quality 
estimates were lower in 1992 than any other year. While forage quality was influenced 
by season of grazing, year had an even larger influence on quality of diet selected. 
Changes in precipitation amount and distribution and variations in temperature between 
years were determined to be the primary factors affecting yearly changes in diet quality. 
(KEY WORDS: Beef Cattle, Rangelands, Diet Quality). 
Introduction 
One of the most important factors influencing beef cattle performance on native 
range is the quality of the diet selected by grazing animals. While diet quality is 
affected by many variables, including stocking density and species of plants present, 150 
climate is probably the most influential determinant on arid rangelands. The impact of 
environmental variables (temperature, light, precipitation) on forage quality may be 
largely through effects on plant growth (Van Soest, 1985). Changes in climate can 
alter both the numbers of plants available to the animal, as well as the chemical 
composition of individual plants. These climatic changes can be either short-term, such 
as seasonal changes, or more long-term, such as year to year fluctuations. Campbell 
and McCollum (1988) reported that forage quality declines as the season advances; this 
decline is due both to increased concentrations of fiber (Ball et al., 1978) and reduced 
amounts of digestible protein (Campbell and McCollum, 1988) in mature forage. 
Forages in different regions and growing under varying environmental conditions may 
respond in different ways to changes in temperature and precipitation. Changes in 
forage quality during the growing season of cool-season range plants have been 
reported for the northern Great Basin (Wallace et al., 1961; Skovlin, 1967; Raleigh, 
1970); however, few studies describe the effects of longer-term climatic effects on diet 
quality throughout the year. In some instances, seasonal changes in forage quality may 
be overshadowed by year-to-year changes. Therefore, the objectives of this study were 
to determine changes in diet quality both across the growing season and between four 
consecutive growing seasons. 
Materials and Methods 
The study was conducted on the Northern Great Basin Experimental Range 
(formerly Squaw Butte), 67 km west of Burns, Oregon, at an elevation of 1400 m. 
Average annual precipitation is 277 mm; approximately 60% of this occurs as snow and 
rain during the fall and winter, with only 25% as rain during the spring growing season. 
At the time of the study, the northern Great Basin was in the midst of a seven year 
period of below-average precipitation. Diet quality samples were obtained from 
fistulated steers on two consecutive days midway through each month from April to 
September (early spring to late summer) of 1990, 1991, 1992 and 1993. This 151 
represents the effective grazing season for most livestock producers in the high desert 
sagebrush-steppe. Number of steers varied from month to month, depending on the 
health of the animals; however, at least five were used at all times. Two different 
groups of steers were used in this study. In years 1 and 2, esophageally fistulated 
steers (avg. wt. 536 kg) were used to obtain collections; however, problems with fistula 
maintenance and excessive body size caused these animals to be dropped from the 
study. A different group of steers (avg. wt. 500 kg) were used in years 3 and 4 of the 
study. These steers had both esophageal and ruminal fistulas; all collections were 
obtained via the esophageal fistula.  Collections were obtained in mid-morning, with 
steers being penned overnight prior to collection; native meadow hay and water were 
available to animals at these times. All collections were obtained from the same 65 ha 
native range pasture. Steers were allowed to graze for 15 to 30 minutes, and grazed all 
areas of the pasture. Esophageal collections were then subsampled and immediately 
placed in a 55° C oven for 48 h. In September of 1992 and 1993, total forage 
production estimates were obtained by clipping 20 one-m2 plots. Plots were selected in 
an attempt to get a fair representation of forage conditions across the study pasture; 
different plots were clipped in each of the two years. All available forage was clipped 
to ground level; no species separation occurred. This area is representative of the cold 
desert sagebrush-steppe rangelands of the northern Great Basin. Species present in this 
pasture included Wyoming big sagebrush (Artemisia tridentata subsp. wyomingensis), 
mountain big sagebrush (Artemisia tridentata subsp. vayseana) bluebunch wheatgrass 
(Agropyron spicatum), Sandberg bluegrass (Poa sandbergii), bottlebrush squirreltail 
(Sitanion hystrix) and Thurber's needlegrass (Stipa thurberiana); bluebunch wheatgrass 
was the major species of grass present. The pasture was grazed in late fall or winter of 
each year by the research center's bull herd to remove the previous growing season's 
vegetative material (20 AUM/year). 
Laboratory analysis and calculations Weather data were recorded daily at a 
station approximately .5 km from the study pasture. Precipitation received from 152 
September through the following August is reported as growing season precipitation. 
All samples were dried at 55° C in a forced-air oven for 48 h, then ground to pass a 1­
mm screen in a Wiley mill, except for clipped samples, which were weighed after drying 
and then discarded. Samples were composited by steer within sampling date and 
duplicate samples were analyzed for DM, ash, Kjeldahl N (AOAC, 1980) and acid 
detergent fiber (ADF), neutral detergent fiber (NDF) and acid detergent lignin (ADL) 
as described by Goering and Van Soest (1970). Acid detergent insoluble N (ADIN) 
was determined by Kjeldahl N analysis of ADF residue (Goering and Van Soest, 1970). 
All samples were analyzed for in vitro OM digestibility (OMD) as described by Tilley 
and Terry (1963). Rumen fluid was obtained from steers consuming long-stem 
meadow hay. 
Statistical analysis Data were analyzed as a completely randomized split-plot 
design, with whole plot being year and subplot being month within year. Terms in the 
model were year, steer(year), month and year X month. Steer(year) was used to test 
year effects and the residual error was used to test month and year X month effects. 
Since a significant (P<.01) year x month interaction existed for all variables, data were 
analyzed within month. If year differences were detected, means were separated by the 
Least Squares method protected by a prior F-test (P<.05; Steel and Torrie, 1980). All 
data were analyzed using the GLM procedure of SAS (1985). 
Results 
The yearly patterns of precipitation and temperature received during each 
month of the growing season are shown in Figures 1 and 2, respectively, along with the 
40-year average for the Northern Great Basin Experimental Range. Growing season 
precipitation received during 1990 totalled 158.8 mm; this was approximately 57% of 
the long-term average, while 1991 levels (246 mm) were approximately 89% of the 
long-term average. In 1992, precipitation received was 231.1 mm, or approximately 
83% of the 40-yr. mean, while 1993 levels were 523.5 mm, or 189% of the average 153 
(Figure 1); this was the wettest year on record. Total forage production was increased 
(P<.05) nearly 145% from 1992 to 1993 (240 kg/ha vs. 588 kg/ha). Mean values for 
all diet quality components are presented in Table 1 (early to mid-spring; April and 
May), Table 2 (early to mid-summer; June and July) and Table 3 (late summer-early 
fall; August and September). 
CP During April, when active spring growth is initiated, CP concentration was 
similar (P>.10) in 1990 and 1991. Levels of CP were elevated in 1992 (P<.05) and 
again the following year (P<.05). May CP levels were lower in the first year than any 
other (P<.05), followed by 1992, which was similar to 1991 (P>.10), but lower than 
1993 (P<.05). As the seasons progressed, an increase in CP was noted in 1991 during 
June (P<.05). The lowest concentration occurring in 1992, followed by 1990 (P<.05); 
1993 concentrations were intermediate to 1990 and 1992 and similar to both (P>.10). 
Concentrations of CP in July and August were different in all years of the study (P<.05) 
and followed the same pattern (1992>1991>1993>1990), except that in August, 1990 
levels were higher than 1993 (P<.05). Amount of CP in the selected diet was greater in 
1992 during September (P<.05); the other three years had similar amounts of CP 
(P>.10). 
ADIN ADIN values for April were similar (P>.10) between 1992 and 1993 
and were lower than 1990 and 1991 (P<.05); 1993 tended (P=.09) to be lower than 
1990. Concentration of ADIN was reduced by 19% in 1993 compared to 1991 
(P<.05) during May; both 1990 and 1992 were intermediate. Similar levels of ADIN 
during June were noted for 1990, 1991 and 1992 (P>.10); however, 1993 values were 
significantly reduced (P<.05). July values were similar in 1991, 1992 and 1993 
(P>.10); 1990 values were 21% lower than in 1992 (P<.05). In late summer (August), 
the lowest amount of ADIN in selected forage occurred in 1991 (P<.05), followed by 
1990 and 1993; 1992 had the highest concentration of ADIN (P<.05). A similar 
pattern was evident in September, except that 1990 and 1992 values were similar 
(P>.10). 154 
ADF April ADF values increased from 1990 to 1991, then dropped 
dramatically in 1992 before rising again in 1993; all years were different from each 
other (P<.05). The amount of ADF declined in May for all years. At this time, ADF 
levels increased from 1992 to 1993 (P<.05); ADF levels were also higher in 1991 than 
in 1992 (P<.05), with 1990 levels being intermediate (P>.10). During June, 
concentrations of ADF were higher in the last two years of the study, compared to 
1990-91 (P<.05). The amount of ADF in selected forage was lower in 1991 than 1990 
or 1992 for July (P<.05); 1993 levels were intermediate. ADF content in August was 
higher in 1992 and 1993 than 1990 and 1991 (P<.05). Concentrations of ADF ranked 
in the following order for September: 1992>1993>1991 (P<.05), with 1990 levels 
being similar to 1991 and 1993 values (P>.10), yet remaining lower than 1992 values 
(P<.05). 
NDF April NDF values differed in all years of the study (P<.05), and ranked as 
follows; 1991>1990>1993>1992. May NDF levels followed this same pattern, with 
the exception that 1990 and 1993 levels were similar (P>.10). No differences in NDF 
concentration occurred during June (P>.10). Selected forage samples had higher 
concentrations of NDF in 1992 and 1990 in July (P<.05) than in 1991 and 1993 
(P<.05), although 1990 and 1991 levels were similar (P>.10). A 3.1% increase in 
August NDF content occurred in 1992, as compared to 1990 (P<.05); both 1991 and 
1993 were intermediate. Concentrations of NDF in September were greater (P<.05) 
during 1992 than any other year of the study. 
ADL April ADL values were elevated in 1991, followed by 1993 and 1992 
(P<.05); 1990 concentrations were similar to 1991 and 1993 (P>.10). No differences 
in the amount of ADL in selected forage samples were detected for May and July 
(P>.10); however, for June, ADL levels were increased by 20% in 1993 compared to 
1991 (P<.05) and by 13% in 1992 vs. 1993 (P<.05). Similar concentrations of ADL 
were present in samples collected in 1990, compared to 1991 and 1993 (P>.10). In 
August, levels of ADL in forage selected in 1992 were 21% and 15% higher than for 155 
1990 and 1991, respectively (P<.05). Levels in 1993 were higher than 1990 (P<.05), 
but similar to values from 1991 and 1992 (P>.10). September ADL concentrations 
increased 23% from 1990 to 1991, then increased another 11% the following year 
(P<.05). In 1993, ADL levels were found to be similar to 1991 levels (P>.10). 
OMD An 8% reduction in OMD occurred from 1990 to 1991 during April 
(P<.05). This was followed by a 16% increase from 1991 to 1992 (P<.05); 1992 and 
1993 values were similar (P>.10). This trend was repeated in May (P<.05), with the 
singular exception that 1993 values were intermediate to 1990 and 1991 (P>.10). June 
OMD values increased from 1990 to 1991, decreased dramatically in 1992 (19% 
reduction), then increased again in 1993; these changes were all significant (P<.05). In 
July, OMD was lower in 1993 than in any other year (P<.05). Selected forage OMD 
differed in every year during August (P<.05), and followed this pattern: 
1991>1990>1992>1993. The first two years of the study (1990 and 1991) had higher 
OMD values in September than did either 1992 or 1993 (P<.05). 
Discussion 
Overall dietary quality improved early in the growing season but, as the summer 
wore on, began to decline. Fiber constituents (NDF, ADF and ADL) were high at the 
onset of sampling, then declined as forage growth progressed. In mid to late summer, 
as plants matured, fiber levels again began to rise, reaching their peak in late summer-
early fall. Values for CP and OMD followed the opposite trend in 1990 and 1991, with 
levels being low at the onset of plant growth in the spring and increasing during the 
period of active growth. With the onset of plant maturation, these plant constituents 
declined again. In 1992 and 1993, however, these variables exhibited higher 
concentrations early in the season, followed by a decline in levels as the season 
progressed. Levels of ADIN were high at the start of the growing season, then 
declined and remained constant the remainder of the year. Ball et at. (1978) and 
Campbell and McCollum (1988) reported similar patterns of forage quality changes in 156 
the tallgrass prairie. They concluded that reduced diet quality associated with 
advancing season is primarily the result of increased concentrations of fiber and 
decreased amounts of digestible protein present in the forage as it matures. In addition, 
Van Soest (1982) stated that increased lignification and a decreased leaf:stem ratio also 
contributes to declines in nutritive value. Studies done in the cool-season bunchgrass 
ranges of the Great Basin have reported similar findings. Cook et al. (1956) reported 
digestible protein levels in bluebunch wheatgrass in Utah of 9.9% in early June; 
however, by late June, protein had dropped to 5.2%.  In a study done at the Northern 
Great Basin Experimental Range, Wallace et al. (1961) found that in vitro cellulose 
digestibility of bluebunch wheatgrass forage declined from 72.6% in late April to 
62.4% in early June, and continued to decline rapidly during summer. The CP content 
of crested wheatgrass herbage reached maximum levels in early June, then decreased 
rapidly and continuously in later stages of growth (Hyder and Sneva, 1963). In desert 
regions, adapted perennial plants may revert to dormancy during periods of inadequate 
soil moisture, transporting nutrients to the root and leaving an aerial part of decreased 
nutritive value (Van Soest, 1982). 
Elevated CP and OMD values early in the seasons of 1992 and 1993 could be 
caused by changes in environmental conditions.  Mild late winter temperatures in 1992 
initiated plant growth earlier than normal, while dry growing conditions in late spring 
caused plants to become dormant. Late fall precipitation in both 1991 and 1992 caused 
some plant regrowth. Cool-season grasses can initiate regrowth later in the growing 
season if adequate soil moisture is present (Miller et. al., 1986; Miller et al., 1990); this 
regrowth is typically of higher quality than mature forage (Mayland et al., 1992). The 
majority of tillers present in spring for bluebunch wheatgrass are produced the 
preceding fall, providing precipitation has occurred (Mueller and Richards, 1986). The 
onset of winter may have caused these plants to enter the dormant period in a more 
vegetative growth stage. Animals may have consumed this higher quality forage prior 
to the onset of abundant green forage early in 1993, thereby improving diet quality. 157 
During the April grazing period, animals concentrated their grazing efforts on mature 
forage from the previous growing season. The only exception occurred in 1992, when 
green forage was available early. 
While changes in diet quality throughout the growing season have been well 
documented, differences occurring between seasons are not well known.  In this 
study, diet quality early in the growing season was generally higher in 1992 and 1993, 
as evidenced by higher CP and OMD values and lower levels of fiber (Table 1). 
Responses were undoubtedly influenced by climatic conditions, especially temperature 
and precipitation. Van Soest (1985) described climatic factors influencing forage 
quality in the following order of importance: temperature, light and precipitation. 
However, Holechek et al. (1989) stated that precipitation is the single most important 
factor determining the species composition (grass, forbs, shrubs) and productivity of 
vegetation in an area; this is especially true in dry climates, such as the northern Great 
Basin. Precipitation characteristics that affect vegetation include total amount, 
distribution and annual variability, while forage production increases rapidly as 
precipitation increases up to 500 mm per year (Holechek et. al., 1989).  Total forage 
production was 145% greater in 1993 than in 1992; this increase can be directly 
attributed to the 126% increase in growing season precipitation received during 1992­
93. In areas receiving less than 300 mm per year of precipitation, slight reductions 
from normal precipitation can cause severe reductions in plant yields (Klages, 1942). 
Areas receiving less than 450 mm of precipitation per year show more variation in the 
precipitation received (Conrad and Pollak, 1950). Extremely dry conditions prevailed 
in 1990, with only 57% of the long-term precipitation average being received during 
the growing season. In a review of the ecology and management of bluebunch 
wheatgrass, Miller et. al. (1986) stated that nutrient content in early spring is usually 
superior in drought years because of larger nutrient concentrations in the smaller 
volume of biomass. However, increased forage availability in wet years would allow 
increased diet selectivity by grazing animals, thereby improving diet quality. In 158 
addition, adapted perennial plants may respond to drought by translocating nutrients to 
the roots, leaving an aerial portion of lower quality (Van Soest, 1982). Another factor 
influencing the changes in diet quality may have been N availability. Periods of 
unusually wet weather could reduce N availability by immobilization, leaching and 
denitrification to such an extent that N might continue to limit production during a 
subsequent drier period. Similarly, drought could increase N availability with the result 
that in a subsequent wet period N might not be limiting regardless of above-average 
moisture availability (Fisher et al., 1987). Due to several consecutive years of below-
average precipitation, large pools of available N in the soil may have responded to wet 
conditions in 1992-93 and contributed to the increased growth and quality of forage. 
While precipitation increased in the 1990-91 growing season, very little occurred in the 
fall or winter, thereby limiting soil moisture and plant growth in early spring. Olson 
and Richards (1988) stated that in normal years in northern Utah, almost all crested 
wheatgrass tillers present in spring are produced the previous fall, overwinter in a one 
to three leaf state, and resume growth in March and April. Although bluebunch 
wheatgrass is not as grazing tolerant as crested wheatgrass, it does respond in a similar 
fashion to defoliation (Richards and Caldwell, 1985). Warmer and wetter conditions 
in the fall of 1991 may have stimulated tiller production and regrowth, causing plants to 
go into winter dormancy in a more vegetative state. This would have provided mature 
forage of higher quality early in 1992, before new growth became available. An 
increased number of tillers resuming growth under favorable conditions the following 
spring ( March 1992 temperatures were nearly 40% above average) would also provide 
an abundance of high-quality new growth. Both temperature and precipitation are 
positively related to mature forage yield, although precipitation may be more important 
(Sneva, 1982). Blaisdell (1958) found that while mean March temperatures could be 
used to predict the date at which bluebunch wheatgrass reached a height of 6.35 cm (a 
criterion for opening the grazing season on the Upper Snake River plains of Idaho), the 
amount of precipitation is the primary determinant of mature yield of forage. 159 
Diet quality was higher late in the season during 1990 and 1991. Precipitation 
received in spring and early summer, as a percentage of the total precipitation, was 
much higher in the first two years of the study; this may have extended the green feed 
period.  In addition, cooler environmental temperatures during growth may have 
allowed plants to remain vegetative later into the growing season (Van Soest, 1982). 
Holechek et al. (1982) reported that, on a mountain riparian meadow in northeastern 
Oregon, total May and June precipitation values were highly correlated with diet crude 
protein values for the late summer (r=1.0) and fall (r=.99).  According to Van Soest 
(1982), water stress tends to retard plant development and maturity. The plant remains 
in a more vegetative state and digestibility is somewhat increased, although dry matter 
yields are reduced.  Perennial grass plants during drought may respond to precipitation 
events by increasing vegetative growth. A higher ratio of more nutritious vegetative 
shoots to reproductive shoots is common for bluebunch wheatgrass during drought 
(Miller et. al., 1986).  These plant responses to drought may have improved forage 
quality later in the season. Reduced amounts of spring and early summer precipitation 
in 1992 caused plants to revert to dormancy. Favorable spring growing conditions and 
very high levels of soil moisture in 1993 may have stimulated plants to direct more 
nutrients toward producing seed by increasing the number of apical meristems being 
differentiated toward reproduction (Hyder and Sneva, 1963), thereby increasing the 
amount of fiber in the plant and reducing mature forage quality.  The increased amount 
of forage produced in 1993 also increased the amount of cell wall and diluted the 
amount of CP and readily digestible carbohydrates. Diet quality was lowest in 
September in 1992. Forage may have been in an advanced stage of maturity, due to 
early cessation of the growing season and onset of dormancy caused by low levels of 
precipitation (May precipitation = 3.0 mm) and above- average late spring and summer 
temperatures. Advancing maturity is associated with increasing amounts of fiber, 
reduced amounts of dietary protein and a decrease in the leaf: stem ratio (Ball et. al., 
1978; Van Soest, 1982; Campbell and McCollum, 1988). Elevated temperature 160 
increases plant metabolic activity, leading to more rapid turnover of energy and pooled 
metabolites. Plants accumulate cell wall carbohydrates which are irretrievable by the 
plant (Van Soest, 1985). Higher temperatures cause declines in leaf and stem qualities, 
leading to overall declines in grass quality (Van Soest, 1982). All of these factors 
could have been involved in the lowering of diet quality late in 1992.  Increased 
forage production would provide a larger quantity of plant material available for 
grazing. This increased quantity may allow animals to more selectively graze, thereby 
obtaining a higher quality diet. Forage quantity may have been a problem in April 
during 1990 and 1991. Higher NDF and ADF values and lower OMD values at this 
time may be a result of low precipitation received the previous year. Since new growth 
may not have been initiated, cattle would be forced to select older, more fibrous plant 
parts from the previous growing season. Dry conditions the previous year may have 
forced plants into early dormancy, further reducing the quality of available forage. 
Conclusions and Implications 
As expected, forage quality increased during the active growth period of the 
plant. By midsummer, diet quality had begun to decline; this decline continued 
throughout the remainder of the season. Changes in diet quality across years closely 
followed precipitation and, to a lesser degree, temperature patterns. While total 
precipitation greatly increased total forage production, the distribution and timing of 
precipitation appeared to play a greater role in diet quality. Fall and winter 
precipitation improved diet quality early in the grazing season, while spring 
precipitation enhanced plant chemical composition during summer and into early fall. 
Thus, while seasonal effects on diet quality do exist, yearly effects are also evident and 
need to be considered for optimal management of beef cattle grazing northern Great 
Basin rangelands.. 161 
Table 1. Chemical composition' of diets selected by esophageal steers grazing 
northern Great Basin rangelands in early to mid-spring (April and Ma  . 
April  May 
Item  1990  1991  1992  1993  SE  1990  1991  1992  1993  SE 
CP  9.28"  8.10"  18.57`  21.41d  .56  11.83"  16.26`e  15.88`4  17.53e  .52 
ADINf  23.40"  23.84"  20.33`  20.97e  .96  15.09k  15.93"  14.206`  12.9P  .96 
ADF  59.69"  73.47'  41.11d  51.15e  1.46  40.27k  43.81  37.41 b  44.19e  1.59 
NDF  80.24"  82.86'  66.46d  73.78e  1.51  66.75k  72.89d  62.70"  68.74ed  1.66 
ADL  7.93k  9.09"  4.71d  6.75`  .72  4.88  5.25  4.72  5.16  .34 
OMD  65.87"  60.52`  72.23d  74.51d  1.64  73.78"  77.58'  70.76d  75.9k  .92 
`Chemical composition expressed on a percent OM basis. 
"'Monthly means between years with different superscripts differ (P<.05).
 
fADIN = acid detergent insoluble nitrogen. Expressed as % of total nitrogen. ADIN tended (P=.09) to be
 
lower in April 1993 than April 1990.
 
Table 2. Chemical compositionaof diets selected by esophageal steers grazing 
northern Great Basin ran elands durin  earl  to mid-summer June and Jul 
June  July 
Item  1990  1991  1992  1993  SE  1990  1991  1992  1993  SE 
CP  11.33"  14.26'  10.14d  10.96"d  .40  6.92"  10.30'  13.56d  9.06°  .43 
ADIN  14.58"  14.576  14.99"  9.95`  .97  15.30°  16.076`  19.31`  17.696`  1.44 
ADF  40.44"  40.20"  45.44e  44.70c  1.11  50.5864  45.72'  53.10"  48.7 led  1.47 
NDF  70.20  71.45  72.16  69.63  1.29  75.706`  72.73'd  77.84"  70.47d  1.63 
ADL  5.376`  4.72"  6.79d  5.89`  .26  7.87  7.27  7.50  7.97  .38 
OMD  72.05"  75.7 P  60.98d  68.48°  .92  66.34"  67.06"  65.42"  56.70e  .87 
"Chemical composition expressed on a percent OM basis.
 
'Monthly means between years with different superscripts differ (P<.01).
 
ADIN = acid detergent insoluble nitrogen. Expressed as % of total nitrogen.
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Table 3. Chemical compositionaof diets selected by esophageal steers grazing 
northern Great Basin rangelands during the late summer (August and September). 
August  Sept. 
Item  1990  1991  1992  1993  SE  1990  1991  1992  1993  SE 
CP  5.70b  6.94'  8.27d  4.82e  .20  5.29b  5.35"  6.38'  5.051'  .23 
ADM'  15.33b  12.49'  19.09d  16.58"  .64  15.19'  14.11b  21.65d  17.27'  1.00 
ADF  52.08"  53.71b  59.29'  57.02'  1.17  58.48bd  56.15b  65.44'  60.99d  1.02 
NDF  79.75'  80.24'  82.33'  81.03'  .95  81.35b  81.14b  84.70'  81.86"  .86 
ADL  7.02"  7.57'  8.92d  8.36'd  .28  6.45"  8.36°  9.4 P'  8.22'  .28 
OMD  64.71°  67.25`  61.65d  55.27°  .90  65.53"  66.34"  59.07'  56.99'  .82 
'Chemical composition expressed on a percent OM basis. 
'Monthly means between years with different superscripts differ (P<.05). 
'ADIN = acid detergent insoluble nitrogen. Expressed as % of total nitrogen. 163 
Figure 1. Values for precipitation received during the growing season (September 
through August) for 1990, 1991, 1992 and 1993, as well as the 40-year average. 1990 N1991 01992  1993 ow 40-yr. avg. 
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Figure 2. Values for temperatures occurring during the growing season (September 
through August) of 1990, 1991, 1992 and 1993, as well as the 40-year average. degrees C 
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Abstract 
The influence of physical form and frequency of alfalfa supplementation on beef 
cattle performance, intake and grazing behavior was determined for mature, 
nonlactating beef cattle winter grazing northern Great Basin rangelands. Sixty mature, 
pregnant Hereford X Angus cows were stratified by age, body condition score (BCS) 
and fetal age (avg. initial wt., BCS and fetal age were 467.4 kg, 5.58 and 127 days, 
respectively) and randomly alloted within stratum to one of four treatments: 1) 2 kg/d 
of alfalfa pellets; 2) 2 kg/d of alfalfa hay; 3) 4 kg alfalfa pellets on an alternate day 
basis (2 kg/d) and 4) 4 kg alfalfa hay on an alternate day basis (2 kg/d). The 70-d 
performance study was initiated in early November. Two sampling periods were 
conducted to obtain estimates of forage intake, digestibility, grazing time, distance 
travelled and diet quality. Weight and BCS changes were similar (P>.10) across 
treatment groups, averaging 1.40 kg gain and 1.34 units of condition lost, respectively. 
Subsequent measurements taken at d 220 and d 304 also indicated no influence of 
treatment on cow performance (P>.10). Cow conception rate, calf birth weight and 
calf weaning weights were also unaffected by treatment (P>.10). Cows lost weight 
(37.2 kg) the first 28 d, then gained weight the next 28 days and 14 days (36.7 and 4.8 
kg, respectively; P<.05). Distance travelled (6.14 km/d) and time spent grazing (5.93 
h/d) were similar (P>.10) across treatments; however, cows grazed significantly longer 
(6.68 vs. 5.18 h/d; P<.01) in period 1 than period 2. While treatment did not affect 
grazing patterns (P>.10), period did influence the pattern of grazing (P<.05). Forage, 
NDF and total intakes and digestibilities were all similar across treatments; however, all 
variables were lower in period 2 (P<.01). Likewise, all diet quality components except 
CP were lower in period 2 (P<.01). Results of this study indicate feeding long-stem or 
pelleted alfalfa, on a daily or alternate day basis, has little or no effect on performance, 
grazing behavior, intake or digestion of winter grazing beef cattle; however, climatic 169 
variables and changes in forage quality and availability may impact animal performance
 
in a winter grazing program.
 
(KEY WORDS: Beef Cattle, Alfalfa, Supplementation).
 
Introduction 
Traditional grazing management programs in the northern Great Basin involve 
hay feeding on native meadows during the fall and winter, with animals grazing native 
range during the spring and summer. Winter grazing is an alternative management 
plan, whereby animals graze native range from spring to late summer, graze meadows 
in the fall, then move back to native ranges during the winter. This program may be 
both economical (Bates et al., 1990), as well as beneficial to range condition and 
productivity (Barrett, 1985). Grazing after fall quiescence is considered to have 
minimal impact on the subsequent growth and development of bluebunch wheatgrass, a 
common cool-season perennial bunchgrass (Miller et al., 1986). Researchers have 
observed enhanced beef cattle performance with supplemental protein additions to low-
quality hays and forages (Clanton and Zimmerman, 1970; Kartchner, 1981). Alfalfa is 
an available and economical supplemental feed in the northern Great Basin. Alfalfa can 
be as effective as protein meal supplements in improving performance of grazing 
animals (Cochran et al., 1986a; Judkins et al., 1987). Pelleting alfalfa, while somewhat 
expensive, can increase intake of dormant forage, increase weight gain and reduce 
condition loss compared to long-stem hay (DelCurto et al., 1990). Alternate-day 
feeding of protein meal supplements may be as effective as daily feeding (Hunt et al., 
1989) and may offer economical advantages, such as reduced labor and travel (Melton 
and Riggs, 1964; Duvall, 1969); however, research in this area involving alfalfa is 
limited. Therefore, the objectives of this study were to compare 1) physical form of 
supplemental alfalfa (pelleted vs. long-stem hay) and 2) frequency of alfalfa 
supplementation (daily vs. alternate day) on beef cattle winter grazing northern Great 
Basin rangelands. 170 
Materials and Methods 
The study was conducted on the Northern Great Basin Experimental Range 
(formerly Squaw Butte Experiment Station), located 67 km west of Burns, Oregon, at 
an elevation of 1400 m. Average annual precipitation is 277 mm; approximately 60% 
of this occurs as snow during the fall and winter, with only 25% occurring as rain 
during the growing season. Approximately 246 mm was received in the crop year 
(September through August) immediately preceding the study. This range is typical of 
most of the high-desert rangelands of the northern Great Basin, being primarily a 
sagebrush-bunchgrass ecosystem. Species composition of the range included Wyoming 
big sagebrush (Artemisia tridentata subsp. wyomingensis), bluebunch wheatgrass 
(Agropyron spicatum), sandberg bluegrass (Poa sandbergii), squirreltail (Sitanion 
hystrix) and needle-and-thread (Stipa comata). Supplements were derived from second 
cutting alfalfa obtained in late July from a 24.3 ha irrigated field at the station 
headquarters near Burns, in the Harney Basin. Alternate windrows were baled into 54 
kg bales; these bales either remained as long-stem hay or were trucked to a processing 
plant and made into pellets. Pellets were approximately 10 mm long, with an i.d. of 2.5 
mm. In late October, sixty mature, pregnant Hereford X Angus cows were weighed, 
and estimates of BCS were obtained by two separate technicians; estimates were on a 
scale of 1 to 9 (Neumann and Lusby, 1986). Fetal age was also determined via rectal 
palpation at this time. Initial cow measurements were: avg. initial wt = 467.4 kg, BCS 
= 5.58 units, fetal age = 127 days and age = 6.5 years, respectively. Cows were 
stratified by age, BCS and fetal age and randomly allotted within stratum to one of four 
treatments: 1) 2 kg/d of alfalfa pellets; 2) 2 kg/d of alfalfa hay; 3) 4 kg alfalfa pellets on 
an alternate day basis (2 kg/d) and 4) 4 kg alfalfa hay on an alternate day basis (2 kg/d); 
thus, the treatment structure was a 2 X 2 factorial arrangement. The level of 
supplemental alfalfa used in this study was based on previous research involving 
supplementation of winter grazing beef cattle (DelCurto et al., 1991). 171 
The 70 d performance study was initiated on November 5, 1991 and continued 
through January 14, 1992. The trial was initially intended to cover 84 days: however, 
due to excessive snow accumulation and limited forage availability, the study was 
terminated at day 70. Animals grazed two adjacent 405 ha native range pastures during 
the study. These pastures had been utilized in a winter grazing study the previous 
winter (DelCurto et al., 1991); 170 AUM's were removed at that time. Cows were 
turned into pasture 1 one week prior to trial initiation for adaptation. Animals were 
moved into pasture 2 at d 28, due to limited forage availability in pasture 1. Water was 
available in stock tanks in each of the pastures, and trace mineralized salt was available 
at all times. 
Beginning at 0800 each day, all animals were gathered into a centrally located 
handling and feeding facility. Animals were sorted by treatments, individually penned, 
and fed their supplement. Supplements were weighed into individual bags at the station 
headquarters and hauled to the feeding facility each day; a small sample of alfalfa was 
kept each day for analysis. Individual pens were 1.17 m wide x 2.13 m long; there 
were a total of 30 pens in the facility. Animals could not get at or consume other cows' 
supplement, due to feeder construction; however, access to their own supplement was 
not a problem. On days when only two groups received supplement, the remaining two 
groups were returned to graze. On these days, approximately 45 minutes was needed 
to sort and feed supplement, whereas on days when all four treatment groups were 
supplemented, approximately 1.5 to 2 hours were needed. When all groups received 
supplement, animals were not returned to graze immediately following feeding, but 
were retained in the facility until all animals had finished eating. 
Cow weights and BCS were obtained on d 0, 28, 56 and 70 of the study, after 
being held off feed and water overnight. Additional cow weights and BCS were 
obtained in mid-June (d 220) and mid-August (d 304). Additional variables measured 
included calf birth weight and heart girth (obtained within 48 h postpartum), calf 
weaning weight and ADG, and cow reproductive efficiency. Two sampling periods 172 
were also conducted to obtain estimates of forage intake, digestibility, grazing 
behavior, and quality of diet selected. The first period (Period 1) was an eight-day 
sampling period in early December, while the second period (Period 2) was a seven-day 
sampling period in mid-January. The second period was shortened due to snow cover 
and limited forage availability. Ten days prior to each of the sampling periods, six 
randomly selected blocks of cows were dosed (via balling gun) with sustained-release 
chromic oxide capsules (Captec, 81 Carlton Gore Road, Newmarket, P.O. Box 759, 
Auckland, New Zealand) in order to obtain estimates of fecal output. Fecal grab 
samples were taken once daily, at the time of supplementation, throughout both 
sampling periods. Two separate batches of boluses were used; the release rate of Cr 
from the boluses, as specified by the manufacturer, were 1029.74 mg/d Cr and 1183.68 
mg/d Cr for periods 1 and 2, respectively. Boluses were permanently etched prior to 
administration in order to identify regurgitated boluses. Throughout the duration of the 
trial, only one bolus was lost. Grab samples were obtained both by picking up feces 
from designated cows as they were driven in each morning or by rectal palpation of 
animals while they were consuming supplement. Six different randomly selected blocks 
of cows were fitted with vibracorders (Kienzle, FRG. Available through Argo 
Instruments Inc., Winchester, VA.; Stobbs, 1970) to monitor grazing time and pattern. 
Interpretation of vibracorder charts was similar to that described by Adams et al. 
(1986). Cows were also fitted with pedometers (Anderson and Kothmann, 1977) in 
order to monitor distance travelled. Digital pedometers were calibrated by walking the 
cows a known distance, recording the reading, and calculating appropriate correction 
factors. Calibration tests were conducted on the same day that other cows were 
bolused with chromic oxide capsules. The same blocks of cows were used for these 
measurements in both periods of the study. Diet quality samples were obtained, via 
five esophageally fistulated steers (avg. wt. 476 kg), for four consecutive days during 
each sampling period. Steers were fitted with collection bags while cows were 
consuming supplement and turned out to graze for 20 to 30 minutes. During period 2, 173 
five ruminally fistulated steers (avg. wt. 316 kg) were fitted with total fecal collection 
bags in order to validate marker release rate of the Cr2O3 boluses. These steers were 
bolused at the same time as the cows, and bags were emptied once daily, with a 
subsample being taken at this time. Fecal output estimates derived by chromium 
analysis were 96% of actual fecal output as determined by total collection; therefore, 
fecal output estimates were not adjusted. All steers received 2 kg/d of alfalfa pellets. 
Laboratory analysis and calculations Weather data were recorded daily at a 
station located approximately 1.5 km from the study site. Fecal and esophageal 
samples were composited within animal for each of the two sampling periods, whereas 
supplement samples were composited across the duration of the trial. All samples were 
dried at 55° C in a forced-air oven; supplement and esophageal samples were dried for 
48 h, while fecal samples were dried for 96 h. All samples were ground to pass a 1-mm 
screen in a Wiley mill; duplicate samples were analyzed for DM and ash by standard 
procedures (AOAC, 1980). Indigestible ADF (IADF) content of all samples was 
determined by a 144 h in vitro fermentation followed by ADF extraction (Cochran et 
al., 1986b); variations from the original procedure included use of 100-m1 centrifuge 
tubes fitted with Bunsen valves instead of glass, screw-capped tubes and .5 g rather 
than 1 g of sample. Neutral detergent fiber content of supplement, esophageal and 
fecal samples were determined by the modified procedure of Robertson and Van Soest 
(1981). Supplement and esophageal samples were also analyzed for Kjeldahl N 
(AOAC, 1980), ADF and ADL (Robertson and Van Soest. 1981), and ADIN as 
determined by Kjeldahl N analysis of ADF residue (Goering and Van Soest, 1970). In 
vitro OM digestibility (OMD) of supplement and esophageal samples was determined 
as described by Tilley and Terry (1963). Fecal samples were analyzed for Cr content 
via phosphoric acid-manganese sulfate and potassium bromate extraction procedure, 
followed by atomic absorption spectrophotometry (Williams et al., 1962). Estimates of 174 
forage and total OM intake and digestibility were calculated from in vitro digestibility 
values for esophageal samples and supplements and fecal output estimates obtained via 
Cr analysis. 
Statistical analysis All data were analyzed using the GLM procedures of SAS 
(1985). Data pertaining to performance, intake, digestibility, distance travelled and 
time spent grazing were analyzed as a 2 X 2 factorial treatment structure in a split-plot 
design. Terms in the model were treatment, cow(treatment), period and treatment X 
period. Cow(treatment) was used to test treatment effects and the residual error was 
used to test period and treatment X period effects. It should be noted that estimates of 
grazing behavior may not be truly independent observations, and therefore may not be 
suitable for statistical analysis; however, for this study, observations were assumed to 
be independent, and analyses were conducted. Diet quality, cow reproductive 
performance and calf performance data were analyzed as a completely randomized 
design, with period or treatment as the only terms in the model. Effect of day of 
supplementation on grazing behavior was analyzed as a split-split plot analysis of 
variance. Terms in the model were treatment, period, treatment X period, day, 
treatment X day, period X day, treatment X period X day, cow(treatment) and cow X 
period X treatment. Cow(treatment) was used to test the whole-plot treatment effect, 
cow X period X treatment to test sub-plot period and treatment X period effects, and 
the residual error to test the sub-sub plot day, treatment X day and period X day 
effects. Since all animals were individually fed, cow was considered the experimental 
unit. If a significant treatment X period interaction occurred, data were analyzed 
within period. If treatment, period or day of supplementation effects were detected, 
means were separated by the Least Squares method protected by a prior F-test (P<.05; 
Steel and Torrie, 1980). Means were separated using pre-planned, orthogonal 
contrasts specific to a 2 X 2 factorial arrangement of treatments. 175 
Results and Discussion 
Diet Quality Chemical composition of esophageal masticate, as well as alfalfa 
supplements, are shown in Table 4. Slight differences in the supplements may be due 
to sampling procedures. Supplements were sampled as they were weighed prior to 
feeding. Hay supplements may have suffered leaf loss, leading to elevated NDF and 
IADF values and slightly lower digestibility values. Nutritive quality of the diet 
declined from period 1 to period 2 (P<.01), with the exception of CP, which tended 
(P=.08) to be higher in period 2. DelCurto et al. (1991), in a prior winter grazing 
study, also observed the same pattern of decline in diet quality as the winter 
progressed. Concentrations of ADIN increased by 112% in period 2, while CP 
concentrations increased by only 13%. This large increase in ADIN, with a lesser 
change in CP, describes a reduced amount of digestible protein available to the animal 
(Campbell and McCollum, 1988). As the fibrous, poorly digestible fractions of the 
plant cell wall (IADF, ADL) increase, more nitrogen becomes associated with these 
fractions, reducing the amount available to the animal (Van Soest, 1982). Lignin and 
IADF concentrations increased by 111% and 92%, respectively, while in vitro OMD 
was reduced by 41% in period 2 (P<.05). A reduction in forage quality is usually seen 
as seasons advance; however, when this study was initiated, the cool-season grasses on 
the range had already become dormant; the chemical composition (and nutritive 
quality) had already been established. The reduction in diet quality in period 2, 
therefore, was most likely due to a reduction in forage availability. During period 1, 
forage availability was not a problem; however, by period 2, animals had removed 
approximately 50% of the aboveground forage biomass. This, coupled with a snow 
cover of 15 cm, limited forage availability and may have forced animals to select a 
lower quality diet, consisting of significant amounts of browse and shrubs. Judkins et 
al. (1985) reported that forb consumption increased as the season progressed on blue 
grama rangeland in south-central New Mexico. They attributed the shift in diet content 
to seasonal climatic differences and a decreasing forage base. Cows were observed 176 
browsing on bare sagebrush stems and twigs during period 2 of our study, and sizeable 
sagebrush twigs appeared in the esophageal collections. The shift in dietary 
composition may account for the observed changes in NDF and ADF levels, which 
decreased by 13% and 14%, respectively, in period 2. Shrubs and/or forbs may be 
lower in NDF and ADF content than dormant grasses; however, these plants may have 
higher levels of ADL and IADF, thereby lowering digestibility and reducing the quality 
of the diet selected. 
Performance No treatment X period interaction was evident for measures of 
either cow or calf performance (P>.10); therefore, these results will be presented across 
both treatments and periods. Weight and body condition changes were not affected by 
either physical form or frequency of alfalfa supplementation (P>.10; Table 5), 
averaging 1.40 kg of weight gained and 1.34 units of body condition lost during the 70 
d trial. Losses in body condition with little or no change in body weight has been 
reported under winter grazing conditions (DelCurto et al., 1991). Previous work in the 
area of supplementation frequency have indicated that protein meal supplements can be 
fed at frequencies ranging from daily to once weekly to self fed (Mcllvain and Shoop, 
1962; Melton and Riggs, 1964; Riggs et al., 1953) with little impact on animal 
performance. Alternate-day feeding of cottonseed cake or cottonseed meal was more 
economical and improved performance when compared to daily feeding or self-feeding 
a salt-limited supplement to cows grazing pine-bluestem range (Duvall, 1969). Both 
alfalfa hay and dehydrated alfalfa pellets were similar to soybean meal-sorghum grain in 
their effect on cumulative body weight and condition score changes (DelCurto et al., 
1990); however, these supplements did differ in the pattern of weight and condition 
changes. Dehydrated alfalfa pellets slightly enhanced cow performance prior to 
calving; reduced forage particle size and/or increased escape of supplemental feed 
protein may have been involved in this enhancement. Level of alfalfa supplementation 
was 3.3 to 3.4 kghd-ld-1 in this study, while levels in our study were similar to those of 
Cochran et al. (1986a) and Judkins et al. (1987). Rowden et al. (1960) found that 177 
heifer calves fed 1.82 kghd-ld4 of alfalfa hay either daily, twice weekly or once weekly 
had similar weight gains. Vanzant and Cochran (1992) reported that feeding 
supplemental alfalfa hay at either .48%, .72% or .96% BW did not affect reproductive 
performance. Grazing time decreased in direct proportion to increasing levels of alfalfa 
hay, leading the authors to conclude that hay was substituting for forage. The optimal 
level of hay supplementation may have been the lowest (approximately 2.4 kg), since 
reproductive performance was similar to other levels (3.6 kg and 4.8 kg) and 
substitution of supplement for range forage was minimal. Higher levels of hay 
supplementation may occupy more space in the rumen; this increased fill could lead to 
reduced time spent grazing, decreased forage intake, and poorer animal performance. 
However, feeding 4 kg of alfalfa hay every other day (2 kg/d) did not limit performance 
in the present study. The amount of supplemental hay fed may be more important than 
the frequency of feeding. An undetermined level may exist, beyond which hay 
supplements reduce animal performance, due to increased fill posing physical 
restrictions on forage intake. Results of previous research, along with our study, 
indicate that this level may be between 2 kghd-ld-1 and 3.5 kghd-1e. 
While treatments did not affect body weight or condition change, a significant 
period effect was evident (P<.05). Cows lost weight during the first 28 days (37.3 kg), 
then gained weight from d 28 to 56 and 56 to 70 (36.7 and 4.8 kg, respectively); these 
differences were all significant (P<.01). This pattern in weight change may be 
explained by changes in forage availability. Animals were moved at d 28 from a 
pasture in which forage availability had become limited to one where abundant forage 
was present. The last 14 d of the study, however, forage availability was low, due both 
to snow cover and significant forage removal during the trial. These pastures were 
stocked at moderate stocking rates; several years of drought had diminished forage 
resources in these pastures, thereby limiting forage availability. Body weight increases 
greater than those observed in the current study have been reported during the winter 
grazing period (Kartchner, 1981; Cochran et al., 1986a; DelCurto et al., 1991). If 178 
forage availability had not become limiting the last two weeks, weight changes should 
have been similar to previous studies. A small (4.8 kg) weight gain was noted the last 
14 d; however, this may not have been actual tissue gain. Animals were forced to 
select a poor quality, lowly digestible diet the last two to three weeks of the study; 
reduced digestibility and passage rates may have increased ruminal fill, causing the 
slight increase in weight. Body condition change followed a similar pattern as weight 
change, except that animals lost more condition the last 14 days than in either of the 
two previous 28 d periods (-.63 vs. -.40 and -.32, respectively; P<.05). Similar 
changes in body condition occurred during one winter grazing study under adverse 
weather conditions in Montana (Kartchner, 1981). A later study on this site (Cochran 
et al., 1986a) showed no changes in body condition with protein supplementation 
during the winter; however, forage quality was considerably higher than in the present 
study.  Losses in body condition occur when the animal mobilizes tissue reserves to 
meet increased physiological demands associated with advancing stages of pregnancy 
and to increase heat production in times of cold stress (NRC, 1981); this is magnified 
during periods of poor forage quality and(or) availability. Forage quantity changes may 
also explain observed body condition losses. Snow cover and limited forage availability 
the last 14 d may have forced animals to select a lower quality diet, thereby reducing 
the available nutrient pool and causing animals to mobilize tissue reserves to a greater 
extent. Increasing fetal growth may also have placed higher physiological demands on 
the animal, causing the mobilization of reserves. 
Cow weights and condition scores obtained after trial termination (d 220; 
period 4 and d 304; period 5) showed that neither physical form nor frequency of 
alfalfa supplementation influenced animal performance (P>.10; Table 5). While 
treatment had no impact on animal performance, period effects were significant 
(P<.05), in that animals gained 42.6 kg and 1.22 units of body condition during period 
4. However, cows lost 31.7 kg and .96 units of condition during period 5. These 
changes are likely due to forage conditions. During period 4, forage availability and 179 
quality were both high, enabling animals to maximize their nutrient intake; however, 
during period 5 forage conditions had deteriorated, due to the hot, dry summer 
conditions. Neither calf birth weight nor heart girth (35.7 kg and 77 cm, respectively; 
Table 5) were affected (P>.10) by dam's previous supplemental treatment. DelCurto et 
al. (1990) also reported no differences in calf birth weight from cows previously 
supplemented with either soybean meal-sorghum grain, dehydrated alfalfa pellets or 
alfalfa hay. Calf weaning weights and ADG were similar across treatments (P>.10; 
Table 5), averaging 163.3 kg and .82 kghd-ld-1, respectively. Cow reproductive 
efficiency was also unaffected by treatment (P>.10; Table 5); conception rate averaged 
80%. 
Intake and Digestibility Intake and digestibility results are presented in Table 
6. Since no treatment X period interaction was present for these variables (P>.10), 
results will be presented both across treatments and across periods. Forage, NDF and 
total OM intakes were similar (P>.10) across treatments averaging 1.64%, 1.82% and 
2.25% of BW, respectively.  These levels of intake should be sufficient for pregnant, 
nonlactating beef cattle on winter range, assuming that animals came into the winter in 
good condition. DelCurto et al. (1990) found that dehydrated alfalfa pellets improved 
dormant tallgrass-prairie forage intake over both alfalfa hay and soybean meal-sorghum 
grain supplementation. Supplementation of cottonseed meal at 12, 24 or 48 h intervals 
did not influence DM and NDF intake of low-quality grass hay (Hunt et al., 1989); 
however, alfalfa hay supplementation of bermudagrass hay diets at different frequencies 
(daily, alternate day, every third day or every fourth day) depressed NDF and OM 
intakes (Lagasse et al., 1990). Daily and alternate day supplementation decreased total 
DMI, compared to other frequencies. Bermudagrass hay was not offered until 
considerably after alfalfa supplementation; hence, the authors concluded that 
inadequate readily fermentable substrate may have been available to support microbial 
growth needed for complete capture of liberated N from alfalfa. High rates of ruminal 
N absorption could lead to incomplete ammonia capture by the liver, causing reduced 180 
DMI. Under grazing conditions, substrate is present in the rumen continuously; 
therefore, microbial growth should be adequate for capture and utilization of N from 
alfalfa. Goetsch et al. (1988) found that average daily fescue intake was greater for 
nonsupplemented steers, and fescue intake was also lower on days with than on days 
without bermudagrass supplementation. In the latter study, some degree of 
substitution (supplement for basal forage) was occurring; this was not apparent in our 
study. Ruminal fill may have been limiting, in that steers were fed supplemental hay at 
.5% of BW daily, while cows in the present study were fed alfalfa at .2% BW daily. 
Feeding 4 kg of alfalfa hay/every other day may have been sufficient to maintain 
adequate ruminal NH3-N concentrations for microbial activity and enhance animal 
protein status while failing to increase ruminal fill to intake-reducing levels. 
Effects of period on intake are presented in Table 6. Forage, NDF and total 
OM intakes were reduced 30%, 35% and 36%, respectively, in period 2 (P<.01). 
Cattle winter grazing native range face environmental stresses that can contribute to 
increased maintenance costs, causing energy requirements to increase 40% to 50% 
(NRC, 1981). In addition, range cattle must expend energy searching for and 
harvesting food; this can occur during periods of climatic stress (Osuji, 1974). 
Increases in intake would be needed to help meet these elevated energy needs. 
However, reduced forage intake during adverse winter weather has been reported by 
Adams et al. (1986) in the northern Great Plains. Reduced time spent grazing 
(Malechek and Smith, 1976) and lower forage intake (Kartchner, 1981) during cold 
winter weather suggest that there is a positive relationship between forage intake and 
environmental temperature. Reductions in intake seen in the present study may be 
attributed to limited forage availability and poor diet quality, rather than extreme cold 
stress; however, animals may also have been conserving energy for heat production by 
reducing grazing activity and subsequent forage intake  .  Decreases in diet digestibility 181 
may have slowed passage rates, leading to increases in ruminal fill and reduced intakes. 
Even with the reduced quality of the diet, intakes in period 2 were within normal ranges 
for cattle on winter range forage. 
Forage, NDF and total diet OM digestibilities were similar across treatments 
(P>.10; Table 6), averaging 46.4%, 44.4% and 50.6%, respectively. These values are 
similar to those reported by Kartchner (1981) for cows winter grazing northern Great 
Plains rangeland. Lagasse et al. (1990) found that supplementing bermudagrass hay 
diets with alfalfa hay once daily at 1, 2, 3, or 4 day intervals had no effect on OM and 
NDF digestion. Cottonseed meal supplementation did not enhance digestibility of 
winter range forage (Kartchner, 1981); however, supplement addition improved intake 
and total diet digestibility under harsh winter weather conditions. While digestibilities 
of protein supplemented forage diets often remain constant, fill and passage rates can 
increase. Alfalfa hay supplementation increased in sacco rates of fiber digestion in 
sheep fed either barley straw, bromegrass hay or corncobs (Ndlovu and Buchanan-
Smith, 1985). Rate of digesta passage was also enhanced by alfalfa hay and alfalfa cell 
wall additions to corncob diets (Ndlovu and Buchanan-Smith, 1987a,b). Increases in 
fill and outflow of ruminal digesta appear to be a function, rather than a promotor, of 
increased intake, since ruminal digestive efficiency is often unaffected. While ruminal 
fill and digesta passage rates were not estimated, similarities in intakes and 
digestibilities indicate that fill and passage rates were undoubtedly similar among 
treatment groups. Levels of ruminal NH3-N were apparently sufficient in all treatment 
groups to promote microbial growth and breakdown of fiber particles. Breakdown and 
release of N from alfalfa in alternate-day groups may have taken longer (due to larger 
amounts of alfalfa), thereby maintaining NH3-N levels similar to daily fed animals. 
Diet digestibility was lower in the second period of the study, with forage, NDF 
and total OM digestibilities reduced 41%, 43% and 31%, respectively (P<.01). Limited 
forage availability and snow cover forced animals to select a lower quality diet in 
period 2, with bare sagebrush twigs and taller, rank forage comprising a considerable 182 
portion of the diet. Fecal output estimates tended to be higher in period 2 (4.75 kg/d 
vs. 5.21 kg/d; P=.06); decreased intake with increased output indicates reduced 
digestibilities. Kartchner (1981) showed a decline in forage and total DMD fromthe 
first to the second year of a winter grazing study. Extended periods of cold and heavy 
snow were present in year 2, causing cattle to browse substantial amounts of big and 
silver sagebrush, causing diet quality to be reduced considerably. Enhanced rumination 
activity and gastrointestinal motility have been reported in cattle undergoing cold stress 
(Christopherson and Kennedy, 1983). Christopherson (1976) found that animals 
exposed to prolonged cold and the outdoor winter environment exhibited reductions in 
apparent DM digestibilities which could not be explained by changes in intakes. 
Increased ruminal contractions may be a means of increasing metabolic heat production 
during cold weather. Increases in gut motility would cause passage rates to increase, 
thereby reducing retention time in the rumen and limiting the opportunity for microbial 
breakdown of ingested forage and reducing diet digestibility. 
Grazing Behavior No treatment X period interaction was apparent for grazing 
behavior (P>.10); therefore, results are presented across both treatments and periods. 
Distance travelled and time spent grazing results are reported in Table 6; neither 
measurement of grazing behavior was influenced by treatment (P>.10; 6.14 km/d and 
5.93 hr/d, respectively). Grazing times were slightly lower than those reported in 
previous studies (Adams et al., 1986; Barton et al., 1992); this may be related to 
pasture size and forage availability. Time spent grazing was reduced by alfalfa hay 
supplementation to cows on fall native range (Yelich et al., 1989). DelCurto et al. 
(1990) reported that while distance travelled was not affected, cows fed alfalfa hay as a 
supplement spent less time grazing than did dehydrated alfalfa or soybean meal-
sorghum grain- supplemented cows. Increased time required to consume supplement 
and potential physical restrictions to forage intake caused by increased fill may explain 
reduced grazing times. The level of alfalfa fed in the latter two studies were much 
higher than that fed in our study; physical limitation may not be a problem with 2 kg/d 183 
hay. Cows spent less time grazing on days when all animals were supplemented (5.66 
vs. 6.30 hr/d; P<.01). Approximately 45 additional minutes were required to feed on 
these days, which probably caused this difference. Distribution of grazing time was not 
influenced by supplementation treatment (P>.10; Figure 3), with animals spending more 
time grazing during the afternoon grazing period (1200-0600) than any other time 
period. Adams et al. (1986) reported similar grazing patterns in cows on winter range; 
warmer temperatures at this time is the likely promoter of increased grazing activity. A 
shift in grazing distribution was noted in period 2 (Figure 4); cows spent more time 
grazing in the afternoon (1200-0600; P<.05) and less time grazing in the morning 
periods (2400-0600 and 0600-1200; P<.05). Colder temperatures and the presence of 
snow may have caused animals to concentrate grazing activity during warmer periods. 
Malechek and Smith (1976) reported that cattle on winter range in northern Utah 
increased grazing activity during warmer periods of the day. 
Effects of period on grazing behavior are illustrated in Table 6. Distance 
travelled was similar in Period 1 and 2 (P>.10), averaging 6.14 km/d. However, cows 
spent 22% less time grazing in period 2 (P<.05). Reductions in grazing time with no 
concurrent change in distance travelled indicates that animals were forced to spend 
more time searching for food, due to reduced forage availability. Results here support 
the observations of Malechek and Smith (1976) and the hypothesis of Adams et al. 
(1986), that a positive relationship between grazing time and forage intake exists as 
temperatures become colder. Distance travelled decreased as seasons advanced from 
summer to winter (Anderson and Kothmann, 1980; Brandyberry et al., 1991), due to 
adverse weather conditions and shorter daylength.  Increased maintenance 
requirements associated with grazing activity, combined with additional energy 
required for thermoregulation and lower intakes of less digestible forage could combine 
to cause significant losses in body weight and condition. Reducing grazing behavior 
would lower these energy losses, allowing the animal to retain energy for 
thermoregulation and reduce condition loss. Animals may sacrifice nutrient intake in 184 
order to minimize energy expenditure under winter grazing conditions. Nutritional 
benefits of consuming poor-quality forage may be outweighed by the energetic costs 
associated with searching for and grazing this forage, especially under adverse weather 
conditions. Additional research efforts are needed to further understand possible 
adaptive changes and responses of animals to winter conditions. 
Conclusions and Implications 
Results of this study indicate no effect of frequency (daily or alternate day) or 
form (long-stem hay or pellets) of alfalfa supplementation on performance, intake, 
digestion or grazing behavior of beef cattle winter grazing northern Great Basin 
rangelands. Weather conditions and supply of available forage did influence these 
parameters and should be considered in winter grazing of low-quality forages. Results 
to date indicate winter grazing to be a viable alternative management plan; however, 
year to year variations in climatic variables and forage availability pose potential 
problems and should be addressed in further research efforts. 185 
Table 4. Chemical composition of alfalfa supplements and forage selected by 
esophageal steers winter grazing northern Great Basin rangelands'. 
Alfalfa  Forage 
Item  Pellets  Hay  mid Dec.  early Jan.  SE 
OM  88.50  90.06  72.48"  87.29'  1.43 
ADF  36.41  35.08  77.326  66.70'  1.68 
NDF  43.85  49.46  83.906  72.6P  1.40 
IADF  20.06  27.60  24.43"  46.92'  1.10 
cpd  18.08  19.86  5.09"  5.86'  .26 
AD1N`  20.37  20.53  23.88"  50.62`  .97 
In vitro OMD  67.25  63.62  58.446  34.36`  1.13 
ADL  8.32  9.10  9.79"  20.67' 
aChemical composition expressed on a percent OM basis. 
b''Means between periods with different superscripts differ (P<.05). 
dCP means tended to differ between periods (P=.08). 
eADIN = acid detergent insoluble nitrogen. Expressed as % of total nitrogen. 
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Table 5. Influence of physical form and frequency of alfalfa supplementation on 
erformance of beef cattle winter razin northern Great Basin ran elands. 
Daily feeding  Alternate day feeding 
Item  Alfalfa pellets  Alfalfa hay  Alfalfa pellets  Alfalfa hay  SE 
d 0 - 70:' 
Wt. change, 
kg 
1.41  -2.32  2.58  3.18  10.76 
Condition 
change, 
units 
-1.20  -1.49  -1.30  -1.40  .10 
d 0 - d 304:a 
Wt. change, 
kg 
13.69  30.57  28.93  30.69  14.92 
Condition 
change, 
units 
-1.08  -.98  -1.18  -1.04  .16 
Calf birth 
wt., kg 
35.84  37.33  35.29  34.44  2.68 
Calf heart 
girth, cm 
76.73  77.98  76.91  76.50  .42 
Calf 
weaning 
wt., kg 
160.70  163.57  161.69  167.06  14.60 
Calf ADG, 
kg/db 
.80  .84  .82  .83  .07 
Conception 
rate, % 
84.6  71.4  78.6  84.6 
'Day 0 - d 70 = winter grazing trial; d 0 - d 304 = trial initiation through weaning. 
bCalf weight gain from birth (avg. date March 25) through September 1 (weaning). 
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Table 6. Influence of physical form and frequency of alfalfa supplementation 
and period on intake and digestibility of beef cattle winter grazing 
northern Great Basin ran elands. 
Daily 
feeding 
Alternate day 
feeding 
Item  Alfalfa 
pellets 
Alfalfa 
hay 
Alfalfa 
pellets 
Alfalfa 
hay 
SE  Early 
December 
Early 
January 
SE 
OM intake, kg 
NDF  7.43  7.50  7.61  7.62  .52  9.14°  5.95°  .30 
Forage  8.25  8.27  8.46  8.36  .64  9.778  6.90°  .36 
Total  10.25  10.27  10.46  10.36  .64  11.77'  8.90°  .36 
OM intake, % BW 
NDF  1.59  1.60  1.71  1.68  .18  2.00'  1.29°  .07 
Forage  1.77  1.76  1.90  1.84  .21  2.14'  1.50°  .08 
Total  2.20  2.19  2.34  2.28  .23  2.57°  1.93°  .08 
OMD, % 
NDF  44.74  44.56  44.20  44.14  .60  56.46'  32.36°  .38 
Forage  46.40  46.40  46.43  46.39  .05  58.46'  34.34°  .02 
Total  51.03  50.01  51.04  50.22  .21  59.68'  41.47°  .14 
Grazing 
time, h/d 
5.96  6.17  5.63  6.00  .30  6.69°  5.19°  .30 
Distance 
travelled, 
km/d 
6.12  6.22  6.27  5.92  .36 
°Means between periods with different superscripts differ (P<.05). 
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Figure 3. Influence of treatment on distribution of grazing time for cows on winter 
range. 100 
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Figure 4. Influence of period on distribution of grazing time for cows on winter range. e  b 
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Abstract 
Twenty-four mature, pregnant Hereford X Angus cows (avg. initial wt. = 497 
kg, body condition (BC) = 5.4 and fetal age = 140 days) were utilized in a study to 
determine animal response to winter environmental conditions. Beginning on 
November 11, 1992 all cows were gathered at 0800 daily from a 405 ha, native range 
pasture and fed 2 kg/d of a corn-cottonseed meal mixture (24% CP) containing 2 g of 
Cr2O3 for determination of fecal output. On November 23, cows were weighed and 
condition scored, and blood samples taken for thyroid hormone and BUN 
determination. At this time fecal grab sampling began; samples were collected daily 
from 12 randomly selected cows for a total of 92 days. Cows not utilized for grab 
sampling were fitted with vibracorders and pedometers for estimates of grazing 
behavior. Cow body weight, BC, blood samples and measures of grazing behavior 
were taken weekly until February 22, 1993. Seven ruminally and esophageally 
fistulated steers (avg. BW = 575 kg) were utilized for total fecal collections, 
esophageal sampling of forage, and estimates of ruminal fill and passage. Heavy snow 
necessitated feeding low-quality hay (6% CP) beginning on December 9. 
Measurements of environmental variables were obtained from a weather station located 
in the study pasture. Cows had lower intakes and digestibilities of OM during the 
grazing portion of the study (Period 1; P<.05), while grazing behavior estimates were 
higher at this time (P<.05). The combination of hay feeding and grazing caused intakes 
to peak during the transition period (Period 2; P<.05); levels of ruminal fill were lower 
and digesta passage higher at this time (P<.05). Grazing activity began to decline 
during this period, and reached the lowest levels during the hay-feeding period (Period 
3; P<.05). Cow body weight increased as the study progressed (P<.05), while body 
condition declined (P<.05). Although concentrations of BUN were not affected by 
period (P>.05), T4 concentrations were different in all periods (2<1 <3; P<.05). Forage 
intake responded in a negative fashion to changes in temperature early in the study 
(P<.05); however, as winter progressed and environmental conditions worsened, 194 
intakes and temperature became positively correlated (P<05). Elevations in solar 
irradiance increased grazing activity and forage intake (P<.05), as did increased 
amounts of precipitation received (P<.05). As snow depths increased, grazing activity 
declined (P<.05), although intake was not adversely affected by snow accumulation 
until period 3 (P<.05). Forage digestibility was lowered as environmental conditions 
worsened (P<.05), presumably through reductions in retention time caused by 
increased rates of passage. As winter conditions became more severe, animal 
performance was improved by providing supplemental hay; this increase was especially 
noticeable when both hay feeding and grazing occurred. Cows used snow as a sole 
water source without adversely affecting health or performance. Animal response to 
environmental stress may depend on the severity of the stress. When mild stress 
occurred, animals appeared to increase grazing activity and intakes in an attempt to 
elevate energy intake for heat production; however, as conditions worsened, 
conservation of energy for heat production occurred. The potential for severe winter 
weather should be considered when developing a winter grazing program. 
(KEY WORDS: Rangelands, Beef Cattle, Supplementation) 
Introduction 
Although traditional livestock management programs involve hay feeding of 
cattle during winter months, many areas within the western United States experience 
relatively mild winters, and currently winter graze cattle (Cook and Harris, 1968). 
Young and Evans (1984) speculated that a return to winter grazing in lieu of hay 
feeding could free hay land for other use and add flexibility to ranching operations. In 
addition, winter grazing may be economically advantageous (Bates et al., 1990), as well 
as beneficial to range ecological condition and productivity (Barrett, 1985). However, 
the success of a winter grazing program depends on several interacting factors. Winter 
environmental conditions can greatly influence the success of a winter grazing program. 
Cold stress in cattle increases resting metabolic rate and the energy required for 195 
maintenance (Young, 1981). The National Research Council (NRC; 1981) reported a 
140% increase in maintenance energy requirement for cattle going from a 
thermoneutral to a cold, dry environment; wind and precipitation may raise this 
requirement even more. Animals in confinement increase feed intake to help offset 
increased energy requirements (Kennedy, 1985); this increase may be as much as 150% 
to 175% (NRC, 1981). Digestive changes, such as increased passage rate, increased 
ruminoreticular motility and reductions in digestibility also occur during winter (Westra 
and Christopherson, 1976; Kennedy et al., 1977; Christopherson and Kennedy, 1983). 
Physiological changes associated with cold include increases in the level and activity of 
insulin (Scott and Christopherson, 1993), increased plasma catecholamine 
concentration (Thompson et al., 1978) and elevated levels of thyroid activity (Yousef 
et al., 1967); thyroid changes are slower, and may be associated with acclimative 
changes. Activities associated with grazing can increase energy requirements by 25% 
to 50% (Osuji, 1974); in addition, spring calving beef cows have increased nutritional 
demands as they progress into the latter stages of gestation (NRC, 1984).  In contrast, 
cold, wind and(or) precipitation (snow) can negatively impact animal performance 
(Malechek and Smith, 1976; DelCurto et al., 1991), reduce grazed forage intake 
(Kartchner, 1981; Adams et al., 1986) and reduce grazing activity (Malechek and 
Smith, 1976; Adams et al., 1986).  Increased nutritional demands not satisfied by 
forage intake will be met by increasing mobilization of tissue reserves (Adams et al., 
1986), which can lead to reductions in reproductive performance (Wiltbank et al., 
1962; Dzuik and Bellows, 1983). 
While animals exposed to extreme winter weather conditions may require time 
to become acclimated (Senft and Rittenhouse, 1985), animals reared in northern 
climates may not consider cold weather to be a novel stressor (Beverlin et al., 1989). 
Animal response (and subsequent performance) may vary from day to day, depending 
on the environment. While Adams et al. (1986) observed reductions in grazing activity 
and forage intake as temperatures decreased, Beverlin et al. (1989) reported small 196 
positive responses in daily forage organic matter intake to short-term thermal stress. 
Estimating animal response to day-to-day changes in the winter environment could help 
producers in designing and implementing a successful winter grazing program. 
However, determination of daily intake of grazing animals in rangeland environments is 
a technique which has received very little attention.  In previous studies, while cattle 
may have grazed the range all winter, cow response was not determined over the entire 
winter, but instead during brief sampling periods. Given sufficient time, animals should 
become acclimatized, thereby minimizing the environment's influence on performance 
(Seat and Rittenhouse, 1985). The primary objective of this study was to determine 
environmental influences on animal performance, forage intake, digestibility and 
kinetics, grazing behavior, and physiology. 
Materials and Methods 
The study was conducted on the Northern Great Basin Experimental Range 
(formerly Squaw Butte Experiment Station), 67 km west of Burns, Oregon, at an 
elevation of 1400 m. Average annual precipitation is 277 mm; approximately 60% of 
this occurs as snow during the fall and winter, with only 25% as rain during the 
growing season. At the time of trial initiation, this region had undergone seven 
consecutive years of below-normal precipitation. This area is typical of the high desert, 
sagebrush-bunchgrass range of the northern Great Basin. A 405 ha, native range 
pasture was utilized for this study. Species present in this pasture include Wyoming big 
sagebrush (Artemisia tridentata subsp. wyomingensis), bluebunch wheatgrass 
(Agropyron spicatum), Sandberg bluegrass (Poa sandbergii), needle-and-thread (Stipa 
comata), Thurber's needlegrass (Stipa thurberiana), cheatgrass (Bromus tectorum), 
and round-leaved peppergrass (Lepidium perfohatum), an annual forb. 
Twenty-four mature, pregnant Hereford x Angus cows (avg. initial wt. = 497 
kg, BC = 5.4 and fetal age = 140 d) and seven ruminally and esophageally fistulated 
steers (avg. body wt. (BW) = 575 kg) began grazing the range on November 11, 1992. 197 
Water was available at a tank in one corner of the pasture, and a trace-mineralized salt 
mix was available at all times All animals were gathered daily at 0800 into a centrally 
located handling facility and individually fed 2 kg/d of a corn-cottonseed meal mixture 
(Table 7) containing 2 g of Cr2O3 (1368 mg Cr), for determination of fecal output. 
Individual pens were 1.2 m wide x 3.6 m long; 24 pens were in the facility, so all cows 
could be supplemented at once, on an individual animal basis. On November 23, cows 
were weighed and condition scored (BC scale = 1 to 9; Neumann and Lusby, 1986) by 
two technicians. Twelve randomly selected cows were fitted with vibracorders 
(Kienzle, FRG, available through Argo Instruments Inc., Winchester, VA) to monitor 
grazing time and pattern (Stobbs, 1970). These animals were also fitted with 
pedometers (Anderson and Kothmann, 1977) for determination of distance travelled. 
Interpretation of vibracorder charts was similar to that described by Adams et al. 
(1986). Digital pedometers were calibrated by walking the cows a known distance, 
recording the reading, and calculating appropriate correction factors; this was done 
prior to the initiation of the sampling period. 
Cow BW, BC, blood sampling, and cow grazing behavior were determined 
once weekly from November 23 until trial termination, on February 22, 1993. 
Vibracorder charts were changed and vibracorders and pedometers were reset at this 
time. Any lost or damaged vibracorders and pedometers were replaced immediately. 
At this time, blood samples were collected, via jugular venipuncture, into 10 ml 
collection tubes (Vacutainer, Becton Dickinson, Rutherford, NJ 07070) for 
determination of blood urea nitrogen (BUN) and thyroid hormone activity (T3 and T4 
concentrations) in serum. Fecal grab samples also began at this time; samples were 
obtained daily from cows not utilized for behavioral observations. These samples were 
obtained either at the time of gathering, or via rectal palpation while cows consumed 
their supplement. 
Estimates of total fecal output were obtained every other week from three 
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Fecal output estimates were 103% of actual fecal output as determined by total 
collection; therefore, output estimates were not adjusted. On weeks when total 
collections were not made, the four remaining steers were fitted with esophageal 
collection bags for determination of diet quality (Table 7). Steers were turned out to 
graze for 15 to 30 minutes on four consecutive days. On day 5 of these weeks, ruminal 
evacuations were conducted for estimates of fill and passage. Total ruminal contents 
were weighed, subsampled in triplicate, and returned to the animal. However, due to 
excessive snow cover, collections were made only during the first sampling period, in 
early December. Due to limited forage availability, feeding of a low-quality grass straw 
hay on an ad libitum basis (Table 7) began on December 9; henceforth, diet quality 
samples were obtained via hay coring. Ruminal evacuations and total fecal collections 
continued on the same schedule following the cessation of esophageal sampling. Upon 
completion of all sample collections, cows were returned to graze or feed on hay, 
which was fed near the handling facility. Length of time in the facility varied according 
to sampling difficulty; grazing behavior was adjusted on a daily basis to account for 
this. 
Animals ceased travelling to the lone source of open water in the pasture on or 
near December 12. It was then determined that cattle were consuming snow as a 
source of water. To attempt to ascertain the extent of snow consumption, visual 
observations of cow grazing behavior were determined, beginning in early January, on 
two consecutive days of weeks when total fecal collections were not obtained. Six 
randomly selected cows were observed at 15-minute intervals from the cessation of 
sampling (feeding initiation) until darkness prohibited further observations. As snow 
accumulated to a depth of approximately 450 mm, animals ceased travelling to the 
water source and began to consume snow as their sole source of water. Activities 
recorded during observation periods included: hay feeding, animal movements and 
snow consumption. Vibracorder chart readings were adjusted for the time that animals 
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however, snow accumulation and drifting prevented access to the animals, and the trial 
was forced to terminate on February 22, at which time animals were removed from the 
range. 
Laboratory analysis and calculations Weather data were collected at a 
station located in the study pasture, near the handling facility. Environmental data 
include: temperature, wind speed, relative humidity, total daily precipitation, snow 
depth, solar irradiance (measured as the amount of heat energy, in kilowattsm2, 
received) and black body temperature (a combination of ambient air temperature, air 
movement, and radiant solar energy; Yousef, 1989). Esophageal and ruminal samples 
were composited within animal for each sampling time, whereas supplement samples 
were composited across the duration of the trial.  Hay core samples were composited 
within week of feeding, while fecal samples were analyzed individually. All samples 
were dried at 55 °C in a forced-air oven; supplement, hay, esophageal and ruminal 
samples were dried for 48 h, while fecal samples were dried for 96 h. All samples were 
ground to pass a 1-mm screen; duplicate samples were analyzed for DM and ash by 
standard procedures (AOAC, 1980) except for fecal samples. Estimates of DM and 
ash were obtained concurrently with analysis for Cr content via phosphoric acid-
manganese sulfate and potassium bromate extraction, followed by atomic absorption 
spectrophotometry (Williams et al., 1962). Supplement, hay and esophageal samples 
were analyzed for Kjehdahl N (AOAC, 1980) and ADF, ADL and NDF (Robertson 
and Van Soest, 1981). Indigestible ADF (IADF) content of supplement, hay, 
esophageal and ruminal samples was determined by a 144-h in vitro fermentation 
followed by ADF extraction (Cochran et al., 1986); variations from the original 
procedure included use of 100-m1 centrifuge tubes fitted with Bunsen valves instead of 
glass, screw-capped tubes and .5 rather than 1 g of sample. Hay, esophageal and 
supplement samples were analyzed for in vitro OM digestibility (OMD) as described by 
Tilley and Terry (1963). Estimates of forage and total OM intake (OMI) and 
digestibility were calculated from in vitro digestibility values for esophageal samples, 200 
hay samples and supplements, and fecal output values obtained via Cr analysis, via the 
following equation: OMI = [daily fecal output (kg)] /(1 -OMD). Ruminal DM and 
IADF fill were determined by manual evacuation of ruminal contents. Passage of IADF 
was calculated as the ratio of IADF consumed to ruminal IADF fill (Yadava and 
Bartley, 1964). Ruminal turnover time was calculated as the reciprocal of ruminal 
IADF passage rate (Galyean, 1987). 
Blood samples were frozen immediately following collection. Samples were 
later thawed at room temperature, allowed to clot, centrifuged at 1,000 x g for 30 
minutes at 4 °C and stored at -10 °C. Plasma 13 and T4 concentrations were analyzed 
using solid phase 1251 radioimmunoassay Coat-A-Count kits( Diagnostic Products 
Corp., 5700 W. 96th Street, Los Angeles, CA 90045. Coat-A-Count 'I Total T3 
TKT31, Coat-A-Count 'I Total T4 TKT41). Due to the presence of a blocking agent 
that releases bound T3 and 14 from carrier proteins, 13 and T4 analyses are 
measurements of total T3 and 14. Each assay contained controls of high, normal and 
low concentrations and solutions consisting of T3 and T4 standards and plasma in a 1:1 
ratio to monitor standard recovery. Intra- and interassay CV were 4.4% and 6.8%, 
respectively, for T3 levels, while 14 CV's were 4.6% and 4.9%, respectively. This 
procedure was described by Williams et al. (1987). Concentrations of BUN were 
determined colorimetrically using a diacetylmonoxime assay procedure (Standio Lab., 
San Antonio, TX 78202). 
Statistical analysis Although the initial objectives of the study called for 
determining the influence of the winter environment on grazing beef cattle, climatic-
induced modifications in the actual methodology of the trial created, in effect, three 
distinct feeding periods: grazing (d 1-d 17), transition from grazing to hay feeding (d 
18-d 35), and hay feeding (d 36-d 92).  The beginning of hay feeding was used to 
describe the start of period 2, while abrupt reductions in grazing behavior delineated 
the change from period 2 to period 3. This offered a unique opportunity to investigate 
how animals respond to both changes in feeding regimes, as well as changes in the 201 
environment within these regimes. The effect of period on beef cattle nutritional, 
physiological and behavioral parameters was determined using the GLM procedure of 
SAS (1985).  It should be noted that estimates of grazing behavior may not be truly 
independent observations, and therefore may not be suitable for statistical analysis; 
however, for this study, observations were assumed to be independent, and analyses 
were conducted. Since observations were taken on the same animal over a period of 
time, all data were analyzed as repeated measures; terms in the model were cow and 
period.  If period effects were detected, means were separated by the Least Squares 
method protected by a prior F-test (P<.10; Steel and Tome, 1980). Since all animals 
were individually fed, cow was considered as the experimental unit. The effects of 
environmental variables on beef cattle nutritional, physiological and behavioral 
parameters were determined, within each of the three periods, via regression analysis 
(Proc Reg option; SAS, 1985). A stepwise regression procedure (Proc Stepwise; SAS, 
1985) was employed to determine which independent variables should be included in 
the model. A significance level of P=.15 or lower was used to determine inclusion into 
the model. Only the effects of environmental variables which were included in the 
model will be discussed. Initial independent variables in the model include ambient air 
temperature, relative humidity, wind speed, total daily precipitation, snow depth, solar 
irradiance and black body temperature. Dependent variables were cow BW, BC, T3 
and T4, BUN, forage intake, forage digestibility, grazing time and distance travelled. 
Results 
The winter of 1992-93 was one of the worst on record in the northern Great 
Basin, in terms of snowfall and cold temperatures (Northern Great Basin Experimental 
Range file data). Snow was present from mid-November until late March, with snow 
depths >200 mm occurring from December 2 through March 23. This was 
approximately eight weeks longer than the previous record for continuous snow cover. 
Snow depths for much of the study exceeded 600 mm, with peak depths approaching 202 
950 mm; this covered all available forage, making grazing activity impossible for all but 
the first month of the study. In addition, seven consecutive years of below-average 
precipitation had severely reduced forage production, further limiting available forage. 
Snowfall amounts and temperatures for the winter months of 1992-93 and the previous 
seven winters are shown in Figures 5 and 6, respectively. Figure 7 shows the pattern of 
temperature and snowfall accumulation which occurred during the winter of 1992-93. 
Estimates of diet quality and supplement composition are presented in Table 7. 
Daily estimates of fecal output averaged 103% (CV=7.27%) of actual output, 
as determined by total collections; therefore, the technique for estimating daily forage 
intakes was deemed successful. Incorporation of an indigestible marker into a 
supplement appears to be as effective as continuous release devices (Brandyberry et al., 
1991b) or daily administration of marker via bolusing (Galyean et al., 1986).  This 
method may also offer advantages of reducing labor associated with daily animal 
dosing, allow for less frequent handling of animals, decrease the adverse effects of total 
fecal collections on animal behavior and performance, and reduce costs associated with 
continuous marker administration. 
Period effects 
The effect of feeding period on animal performance, physiology and behavior is 
presented in Table 8. Forage OM intake (OMI) was different in all periods and ranked, 
in descending order: period 2>3>1 (P<.05).  Forage digestibility (OMD) was 22% 
lower in period 1 than in either periods 2 or 3 (P<.05). While OMD was statistically 
greater in period 3 vs. 2 (P<.05), this difference may not be biologically significant. 
Ruminal DM fill increased significantly with each period, with the highest levels 
occurring in Period 3 (P<.05). However, IADF fill and digesta kinetics followed a 
different pattern. Fill of IADF was lower, passage rates higher, and rumen turnover 
faster during period 2 (P<.05). Period 1 exhibited the greatest IADF fill and slowest 
ruminal turnover times and passage rates (P<.05). While cow BW increased during the 
course of the study (Period 1 <2<3; P<.05), cows had less BC in period 3 than in either 203 
of the first two periods (P<.05). Animals travelled less as the study progressed 
(P<.05); distance travelled in period 3 was only 48% of that occurring in period 1 
(Figure 8). Although time spent grazing was higher in period 2 than in either period 1 
or 3 (P<.05), this estimate should be viewed with caution. While any snow 
consumption occurring during period 3 was accounted for in estimating grazing time, 
snow was also consumed (but not accounted for) during period 2, thereby falsely 
inflating the estimate of time spent grazing. In addition, cows may have consumed 
both hay and range forage during this time, making attempts at correction for snow 
intake impossible. Animals spent only 49% as much time grazing (or feeding) in period 
3 as they did in period 1 (Figure 8; P<.05). Concentrations of BUN were not affected 
by period of feeding (P>.10); however, concentrations of T4 differed in all periods 
(2<1 <3; P<.05). The ratio of 13 to T4 was determined in order to estimate thyroid 
activity, since 13 is typically regarded as the active form of thyroid hormone. However, 
T4 is converted to 13 in peripheral tissues, and jugular venipuncture sampling may not 
accurately reflect T3 concentrations. To obtain additional, more accurate estimates of 
thyroid activity, T4 levels were also estimated; these measurements will be reported as 
indicators of thyroid activity. 
Environmental effects 
Environmental influences on animal nutrition, performance, physiology and 
behavior are presented in Tables 9, 10 and 11 for periods 1, 2 and 3, respectively. 
Period 1 was the only period in which range forage comprised the sole forage base. 
Forage OMI responded favorably to increases in black body temperature, solar 
irradiance and snow accumulation (P<.05), but was negatively correlated to changes in 
ambient air temperature and precipitation (P<.05). Environmental influences on forage 
OMD could not be estimated during period 1, due to insufficient sample numbers; 
however, animals were observed consuming sagebrush twigs, thistles and other poorer-
quality forage later in the period, as increasing snow cover limited forage availability. 
Cows spent less time grazing as snow depth, precipitation and relative humidity levels 204 
increased (P<.05), whereas wind speed and solar irradiance positively affected grazing 
time (P<.05). Concentrations of BUN were not affected by temperature (P<.05). 
During period 2, animals were being fed hay; some grazing and snow 
consumption probably occurred as well. Forage OMI was positively correlated with 
temperature, relative humidity, and total precipitation (P<.05), while increases in wind 
speed, snow accumulation and black body temperature caused OMI to decline (P<.05). 
Forage OMD values were negatively correlated with precipitation and snow 
accumulation (P<.05), but were positively correlated with black body temperature and 
solar irradiance (P<.05). Grazing time was negatively related to precipitation (P<.05), 
but was not affected by wind speed (P>.05).  Snow depth negatively affected animal 
travel during this period (P<.05). 
During period 3, cows consumed only straw hay; they also consumed snow as 
their sole source of water. Temperature and relative humidity both affected forage 
OMI in a positive fashion (P<.05), while increases in snow depth and black body 
temperature caused OMI to decline (P<.05); precipitation had no impact on OMI 
(P>.05). Although daily precipitation negatively impacted OMD (P<.05), snow 
accumulation and solar irradiance exerted a positive influence on this parameter 
(P<.05). Temperature and relative humidity had no effect on OMD (P>.05).  Grazing 
activity declined in response to increases in relative humidity and precipitation (P<.05), 
but was enhanced by higher black body temperatures (P<.05). Distance travelled was 
not affected by wind speed or black body temperature (P>.05), but did respond 
positively to increases in ambient air temperature and solar irradiance (P<.05). Cow 
BW was not affected by precipitation (P>.05), while cow BC score was not impacted 
by changes in black body temperature (P>.05). Concentrations of BUN increased as 
solar irradiance levels decreased (P<.05). Concentrations of T4 responded positively to 
increases in relative humidity (P<.05) and negatively to increases in black body 
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Discussion 
Period effects 
Beef cattle nutrition, performance and behavior were definitely impacted by 
moving from a grazing to a hay-feeding program. Feed intakes improved as hay 
replaced range forage. Elevated intakes observed in period 2 may be a result of both 
hay and range forage consumption. Hay feeding began during period 2; however, some 
grazing likely occurred at the beginning of this period. Some forage was still available 
in rocky areas and other sheltered sites until later in the period, when snow 
accumulation covered even these protected areas. Figure 8 illustrates the change in 
forage intake over time. Intake increased dramatically at the onset of period 2; intake 
then declined across this period, falling to levels in period 3 that were slightly above 
grazing intake values.  The reduction in intake from period 2 to 3 could be attributed 
to the loss of range forage as a feed source. Cows did not compensate for this loss by 
increasing hay consumption (Table 8), even though hay was provided at levels 
sufficient to support intakes of 2.25% of BW. The hay may have been used to 
complement the available range forage in period 2. Intakes may also have been 
reduced by factors associated with advancing stages of gestation, such as reduced 
ruminal capacity and increased levels of oestrogens (Forbes, 1970); however, these 
changes may not impact forage intake until immediately before calving (Vanzant et al., 
1991). Lower levels of OMI during period 1 may have been caused by reductions in 
forage availability, caused by snow cover. Reductions in forage availability (and 
subsequent diet quality) have been shown to have a negative impact on forage intake 
(Kartchner, 1981; Brandyberry et al., 1992). Lower OMD values in period 1 may be a 
result of the quality of diet consumed. Estimates of diet quality indicate higher fiber 
levels and lower in vitro OMD values for esophageally collected range forage vs. grass 
hay. Kartchner (1981) reported similar reductions in digestibility between years for 
mature cows grazing winter range in Montana; these differences were attributed to 
reductions in forage availability.  Brandyberry et al. (1992) found that OMD of forage 206 
was lowered during periods of snow cover. Although a low-quality hay was fed in an 
effort to simulate range forage conditions, diet quality was still enhanced in periods 2 
and 3. Differences in OMD between periods 2 and 3 may not be biologically 
significant. The slight reduction in quality in period 2 may be a reflection of the limited 
grazing occurring at that time. 
Losses in body condition with little or no change in weight has been reported 
under winter grazing conditions (DelCurto et al., 1991; Brandyberry et al., 1992). 
Changes in cow BW may have been the result of increases in forage intake, especially 
during period 2, when intakes increased dramatically (Figure 8).  However, levels of 
feed intake seen in this trial (approximately 1.5 % of BW) were barely sufficient to 
meet the maintenance requirements of the animal in the latter stages of gestation (NRC, 
1984); weight gain from improved nutritional status may not have occurred. Increases 
in BW, therefore, may be due to increases in fetal growth. More than half of the total 
weight of the fetal calf at term is gained during the last trimester of pregnancy (Bearden 
and Fuquay, 1984); cows were well into the third trimester of gestation at this time. 
Increased fetal growth may have actually counteracted some loss in BW. Overall loss 
in BC (.4 units) is much less than reported in other winter grazing studies (Kartchner, 
1981; DelCurto et al., 1991; Brandyberry et al., 1992); however, cattle in earlier 
studies were not fed hay for any appreciable length of time. Intake of the low-quality 
feedstuffs may not have been sufficient to meet the energy demands of the animals. 
Energy requirements for maintenance are increased by 30 - 70% in overwintering beef 
cows, as the basal metabolic rate is elevated in an effort to increase heat production 
(Young, 1981). In instances where sufficient energy is not derived from the diet, tissue 
reserves are broken down to serve as energy sources (NRC, 1981). Cows may also 
have mobilized tissue reserves to meet the increased energy demands of the rapidly 
developing fetus.  Changes in BW and BC may be affected as much by the demands of 
pregnancy as by feeding program or winter environment. 207 
Increases in ruminal fill are often seen as low-quality forage intake increases 
(Thornton and Minson, 1973; DelCurto et al., 1990; Hannah et al., 1991). Higher 
levels of IADF fill in period 1 may be related to differences in diet quality. Levels of 
IADF in esophageal samples were 2.2 times higher than levels found in hay. Krysl et 
al. (1987) reported that reductions in forage quality associated with plant dormancy 
slightly increased ruminal fill of undigested residues. Reductions in particulate passage 
rate (McCollum et al., 1985) and increases in mean retention time (McCracken et al., 
1993) are indicators of declines in forage quality. In contrast, increases in intake can be 
associated with shorter ruminal retention times (Thornton and Minson, 1973) and 
increased passage particulate passage rates (McCollum and Galyean, 1985; McCracken 
et al., 1993). Colder temperatures occurring later in the trial may also have increased 
passage rates and ruminal turnover (Westra and Christopherson, 1976; Kennedy et al., 
1977). While increased passage reduces the extent of OM degraded in the rumen, the 
quantity of digesta escaping ruminal fermentation and the efficiency of microbial 
synthesis are both improved (Kennedy and Milligan, 1978). This may enhance the 
nutritional status of the animal and allow performance to be maintained during a time of 
typically poor nutrition and high environmental stress. Passage rates also increase as 
pregnancy progresses in sheep (Forbes, 1970); in addition, higher levels of intakes may 
lead to increases in digesta passage. These factors may explain the lower levels of 
IADF fill and faster rates of passage occurring in periods 2 and 3. 
Reductions in grazing time (Stricklin et al., 1976; Adams et al., 1986) and 
distance travelled (Anderson and Kothmann, 1980; Brandyberry et al., 1991a) typically 
occur during the winter months. Possible negative influences include colder 
temperatures (Adams et al., 1986), wind speed (Malechek and Smith, 1976), reductions 
in forage availability, and shorter daylength (Young, 1987). During period 3, animals 
remained in a very limited area, did not actively graze and did not travel to water; this 
behavior was influenced both by hay feeding and the winter environment. Shorter 
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willing to invest energy in searching for food, although some grazing did take place. 
Similar results were reported by Malechek and Smith (1976) for cattle on winter range 
in northern Utah. Grazing time also declined as forage availability was reduced by 
snow cover in an earlier winter grazing study at this location (Brandyberry et al., 
1992). Animals spent less time grazing in period 3 because the forage source was 
readily available and easily accessible, while cows were actively grazing and searching 
for food during the first period. Grazing animals must travel further and expend more 
time and energy searching for and obtaining food than animals fed in confinement 
situations (Osuji, 1974); thus, grazing time may be reduced in order to conserve energy 
for heat production. While animals were not in confinement in this study, the feeding 
conditions resembled confinement feeding more so than grazing. Grazing time during 
period 3 was adjusted to account for snow consumption. Visual observations indicated 
that approximately 45% of the time shown as grazing on the vibracorder charts during 
period 3 was actually spent in consuming hay; the remainder of the time, animals 
consumed snow. These proportions should differ under conditions of grazing, since 
more time and effort would be invested in obtaining food. Snow was being consumed 
during period 2, as witnessed by the cessation of animal travel to water; however, it 
was impossible to distinguish this behavior from that of grazing and hay feeding. These 
factors combined to elevate the time spent grazing in this period, even though actual 
grazing time probably declined. Several Canadian studies (Young and Degen, 1980; 
Degen and Young, 1990; Young and Degen, 1991) have indicated that beef cattle can 
use snow as a sole source of water without negatively impacting animal performance; 
results from the current study support their conclusion. 
Extremely low dietary nitrogen levels can promote tissue and AA metabolism 
to urea, which serves as a source of N for ruminal microbes (Van Soest, 1982). 
Feeding a protein supplement may have provided enough CP to ensure that microbial 
NH3-N requirements were met.  Levels of BUN were similar to those in protein-
supplemented pregnant cows on winter range in Montana (Miner et al., 1990). 209 
Elevated BUN concentrations are associated with periods of decreased energy intake, 
as protein is catabolized to yield amino acids for gluconeogenesis. While energy 
intakes in this study were undoubtedly low, cows came into the winter in good 
condition, and fat stores may have been sufficient to meet the needs of the animal, 
eliminating the need for protein breakdown. Thompson et al. (1983) stated that cows 
in fatter condition have lower winter energy requirements, due to a larger supply of 
energy reserves. At the end of the study, cows were at an average BC score of 5, 
which is the level recommended by Dzuik and Bellows (1983) for attaining optimal 
reproductive performance.  Levels of T3 and T4 were similar to levels reported by 
McGuire et al. (1991) for cows in a thermally comfortable environment. Increases in 
thyroid hormone levels have been reported in animals undergoing cold stress (Yousef et 
al., 1967; Yousef et al., 1968); however, these changes depend on the severity and 
duration of cold stress, occur slowly and are generally considered to be involved with 
the acclimatization process (Yousef et al., 1967; Young, 1983). Following cold 
acclimatization, thyroid hormone levels may return to pre-stress levels (Yousef et al., 
1967). Increases in metabolic rates, rates of 02 uptake, greater calorigenic capacities 
and increases in gastrointestinal motility and passage rate are ways in which thyroid 
hormone promote cold acclimatization (Young, 1983). In the present study, T4 
concentrations in period 1 could mean animals were undergoing cold acclimation. By 
period 2, animals had adapted to the cold conditions; metabolic acclimation had 
occurred, and thyroid activity returned to a lower level. Energetic demands and 
challenges associated with grazing may also have elevated thyroid activity in period 1. 
Environmental conditions in period 3, however, were more severe than either of the 
previous periods. Temperatures were colder and snow depths greater, indicating that 
animals may have been under more stress; this may have caused T4 levels to rise in this 
period. Animals may have been forced to reacclimate themselves to changing 
environmental conditions. Greater T4 concentrations may also indicate that acclimated 
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Cold acclimatized cattle not only have an increased metabolic rate, but also an 
enhanced ability to increase their rate of metabolic heat production (summit 
metabolism; Young, 1981) in response to severe cold stress for the prevention of 
hypothermia (NRC, 1981). Hormonal changes in cold-acclimatized animals have been 
reported. Thyroid hormone activity is elevated in cold acclimatized animals (Halliday 
et al., 1969; Young, 1981). Catecholamine activity also appears to increase during 
periods of cold exposure, and may act synergistically with thyroid hormones in 
affecting animal metabolism (Young, 1981); however, it is possible that high levels of 
glucocorticoids (such as cortisol) may inhibit thyroid activity. 
Environmental effects 
Period 1 Energy requirements for overwintering beef cattle are increased by 30 
- 70%, as animals strive to increase heat production to maintain homeothermy (Young, 
1981). Both NRC (1981) and Young (1981) stated that cold stimulates appetite drive, 
as animals strive to meet increased energy requirements with increases in intake. While 
this appears to be true in confinement situations (Milligan and Christison, 1974; Leu et 
al., 1977), grazing animals respond quite differently. Reductions in intake were noted 
during severe winter weather in winter grazing beef cows in the northern Great Plains 
(Kartchner, 1981) and northern Great Basin (DelCurto et al., 1991). Reductions in 
grazing activity may be a means of conserving energy for use in heat production. 
However, Beverlin et. al (1989) found that mature cows on winter range in Montana 
exhibited small positive responses to short-term thermal stresses. These authors 
concluded that cold could not be considered a novel stressor to beef cattle reared in 
northern climates. Cows in the present study have been used in winter grazing studies 
at the NGBER for the past four years; thus, it is likely that these animals were well 
acclimated to winter conditions and did not consider minor temperature reductions 
stressful, as occurred in period 1. Figure 7 shows that temperatures actually increased 
slightly during period 1, indicating that weather conditions in this period were 
somewhat mild and any reductions in temperature were small and short-lived. Under 211 
these conditions, increased intakes in response to cold may be a means of acquiring 
more energy. Slight increases in BUN concentrations during colder periods indicates 
that animals were not under a great deal of stress at this time 
While cold appeared to stimulate intake, the presence of precipitation acted to 
inhibit intake. Precipitation can temporarily reduce feed intake by 10-30% (NRC, 
1981) and increase the rate of heat loss through evaporation, leading to increases in 
metabolic heat production; this effect is magnified during periods of wind and(or) cold. 
Animals may reduce grazing activity at these times to conserve energy for heat 
production (Senft and Rittenhouse, 1985). 
Elevations in black body temperature indicate a net gain of heat by the animal, 
via the effects of solar radiation.  Radiation energy raises the effective ambient 
temperature of animals in sunlight, thereby reducing energy requirements for 
endogenous heat production and making more energy available to the animal for 
grazing activity. In arid climates, solar radiation can have a major impact on the heat 
status of the animal, due to the number of clear days (Yousef, 1989).  During period 1, 
cold temperatures were frequently associated with clear, calm days. Increases in solar 
radiation and reductions in wind speed may offset temperature declines and increase the 
heat load of the animal, which could act to stimulate grazing activity and forage intake. 
Mud can increase energy expenditures for locomotion and elevate energy 
requirements (Degen and Young, 1993), as well as reduce feed intake (NRC, 1981); 
snow should have similar effects. Results of an earlier winter grazing study in this area 
demonstrated that daily grazing time declined in the presence of snow cover 
(Brandyberry et al., 1992). Grazing time was also reduced as winter conditions 
worsened in the northern Great Plains (Adams et al., 1986).  In this study, cows may 
have shifted their diets to include forage which was easily accessible, regardless of 
quality. This would have the effect of reducing energy expenditures for grazing 
activities and may also increase OMI, but diet quality and overall nutrient intake would 
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Wind can increase the rate of heat loss via convection or evaporation (Ames 
and Insley, 1975); precipitation and cold weather exacerbate this effect. Cattle adopt 
postural changes to either increase heat gain or reduce heat loss during adverse weather 
conditions (Young, 1981). During periods of high winds, cattle typically hunch over 
with heads lowered to minimize exposure; this may have artificially elevated grazing 
times. Malechek and Smith (1976) reported nonsignificant positive responses in daily 
grazing time to increases in wind velocity. 
Period 2 Although intake was inversely related to temperature in period 1, 
weather conditions were also milder earlier in the study. Energy obtained through 
forage intake may have compensated for that lost via grazing, making grazing 
energetically profitable.  While temperatures in periods 1 and 2 were similar, a decline 
in temperature occurred as period 2 progressed (Figure 7). Adams et al. (1986) 
concluded that a positive correlation between grazing time and forage intake exists as 
temperatures become colder; total daily grazing time was positively correlated with 
daily temperatures. Kartchner (1981) and DelCurto et al. (1991) reported similar 
declines in forage intake as weather conditions worsened.  Concurrent with dropping 
temperatures were increasing accumulations of snow (Figure 7); these factors 
combined to increase the amount of environmental stress on the animal.  Decreases in 
forage intake due to the limiting effects of snow cover on forage availability have been 
noted in several winter grazing studies (Rittenhouse et al., 1970; Kartchner, 1981; 
Brandyberry et al., 1992). Activities associated with grazing and consuming low-
quality range forage can increase energy requirements by 25-50% (Osuji, 1974); this is 
in addition to the 30-70% increase in energy requirements for beef cows in winter 
environments (Young, 1981). Young (1983) stated that cold also stimulates appetite, 
and confinement studies indicate that cold exposure does increase intake (NRC, 1981). 
While cold-acclimated grazing cattle may exhibit small positive responses to short-term 
cold stress (Beverlin et al., 1989), the effects of long-term exposure to adverse winter 
weather are less certain. In these situations, animals may reduce grazing activity (and 213 
subsequent forage intake) in an effort to conserve energy for heat production. 
However, Young (1975) found that beef cows acclimated to cold weather increased 
their metabolic rate at constant levels of intake without negatively impacting tissue 
energy reserves.  These results imply that acclimated cattle can increase the amount of 
heat produced without increasing intake to meet increased energy requirements. 
During more adverse conditions, as occurred in this period, animals may reduce grazing 
activity and forage intake for energy conservation without negatively impacting heat 
production. 
Wind can increase the rate of heat loss via convection and evaporation (Ames 
and Insley, 1975), especially in the presence of moisture. Animals may respond to this 
increased thermal stress by reducing feeding activity to conserve energy. Precipitation 
and black body temperature exerted opposite effects on intake in period 2 compared to 
period 1. Increased wind velocities and lower amounts of solar radiation may have 
masked the positive effect of ambient air temperature on OMI. Precipitation had a 
negative effect on grazing behavior, indicating that intake rate must have increased to 
allow improved intakes. While Adams et al. (1986) postulated that grazing time and 
forage intake are positively related at cold temperatures, these results indicate that 
these variables may be inversely related in the presence of precipitation. Overall trends 
in this period pointed to reduced animal activity during times of climatic stress, 
indicating that the conservation of energy was more critical than increasing energy 
intake. 
Numerous winter grazing studies have reported declines in forage digestibility 
as winter conditions worsen (Kartchner, 1981; Adams et al., 1986; Brandyberry et al., 
1992). These declines may be caused by reductions in forage availability (and 
subsequent diet quality) caused by snow accumulation.  Confinement studies have 
shown that exposure of sheep and cattle to cold weather causes reductions in 
digestibility of .2%*1-' °C reduction in temperature (Christopherson, 1976).  Cold 
winter weather appears to have the effect of increasing reticuloruminal motility and rate 214 
of digesta passage (Westra and Christopherson, 1976; Kennedy et al., 1977), which 
reduces the available digestion time. Christopherson and Kennedy (1983) hypothesized 
that this mechanism promotes increased intakes by removing potentially limiting 
ruminal fill; however, in grazing situations, reductions in forage quality and grazing 
activity appear to counteract any potential benefits of increased passage. Higher levels 
of gut activity may increase the amount of endogenous heat production, as well as 
increasing nutrient flow to the duodenum. Increases in black body temperature and 
solar irradiance (heat energy) may have slowed passage rates and led to improved 
forage digestion by lessening the effects of cold on digestive parameters. 
Period 3 Temperatures had grown much colder by this period, and extremely 
deep snow made grazing all but impossible. Animal activity was limited to moving 
from the feeding ground to the facility, back to feed, then to shelter for the night. 
Studies illustrating a negative correlation between feed intake and ambient air 
temperature involved either feedlot or high-producing dairy cattle housed either in 
environmental chambers or in confinement lots (McDowell et al., 1969; Milligan and 
Christison, 1974; Leu et al., 1977).  In contrast, when lower-producing beef cattle are 
provided low-quality roughage on open range during the winter, intake suffers 
(Kartchner, 1981; Adams et al., 1976; DelCurto et al., 1991). Lack of adequate 
shelter, limited energy intake and demands of gestation may all contribute to reductions 
in feeding behavior in an effort to conserve energy for heat production. As 
temperatures rose, animals increased their activity and subsequent feed intake. 
Reduced levels of thyroid hormones in this period may indicate that if acclimation had 
been occurring, it was completed by this time. Cattle acclimated to cold conditions 
have a lower TNZ than do nonacclimated animals (NRC, 1981), but little evidence 
exists verifying increases in intakes by cold-acclimatized animals in grazing situations. 
Beverlin et al. (1989) reported that cattle on winter range in Montana exhibited small 
positive responses to short-term thermal stresses under conditions similar to those 
occurring in period 1. Under more severe conditions, however, intakes have declined 215 
as environmental conditions worsened (Kartchner, 1981; Adams et al., 1986; DelCurto 
et al., 1991; Brandyberry et al., 1992). Cattle in each of these studies were 
undoubtedly familiar with and adapted to winter conditions, yet they still responded 
negatively to adverse winter conditions. The main goal of livestock in these situations 
appears to be the conservation of energy for heat production. Malechek and Smith 
(1976) found that as temperatures approached the lower critical temperature of winter 
grazing beef cows, these animals deferred energy-expensive grazing activities to a later, 
warmer period.  The energetic costs of grazing and consuming and digesting the low-
quality hay may have similarly prompted animals in the current study to restrict feeding 
behavior during times of cold weather. 
The negative relationship between temperature and black body temperature is 
somewhat unclear, although this difference may be attributable to the additional, 
possibly negative effects of wind and solar radiation on ambient air temperature. 
Increased snow depth may have lowered intakes through the mechanism of 
forage trampling and wastage. Reductions in feed intake due to feed spoilage from 
mud has been reported in feedlot conditions (Morrison et al., 1970; NRC, 1981). 
Animals were fed hay on a cleared area of the range near the handling facility; however, 
some forage losses undoubtedly occurred as snow depth increased. Precipitation 
effects on grazing behavior and feed intake were similar to those occurring in period 2. 
Moisture can increase the amount of heat loss in cold weather, thereby 
elevating the degree of cold stress (Degen and Young, 1993). Increases in cold stress 
lead to reductions in diet digestibility, due to passage rate changes (Christopherson, 
1976; Westra and Christopherson, 1976). The extent of digestion of fibrous material is 
directly dependent on the duration of digesta exposure to microbial degradation 
(Young, 1981). Forage intake declined as snow depths increased; this decline in intake 
may have slowed passage rates, increased ruminal retention time, and improved forage 
OMD. Elevations in solar energy may have improved the thermal status of the animal; 
this could have the effects of slowing digesta passage and improving digestion. 216 
Time spent grazing (or consuming hay, in this instance)declined as precipitation 
and relative humidity increased (P<.05), but responded favorably to increases in black 
body temperature (P<.05). As earlier noted, reductions in activity during adverse 
weather may be a mechanism of energy conservation.  Moisture can significantly 
increase the amount of heat lost through convection and(or) evaporation, especially 
during cold weather (NRC, 1981; Degen and Young, 1993). Elevated levels of thyroid 
activity in response to humidity increases indicate that animals were striving to increase 
their heat production. Cold-acclimated animals have an enhanced capacity to elevate 
their rate of metabolic heat production during periods of severe cold stress (NRC, 
1981); this response may be mediated by increases in thyroid hormone activity (Yousef 
et al., 1967; Young, 1981). Increases in solar radiation make more heat available to the 
animal (NRC, 1981), and may lessen the degree of cold stress; reductions in T4 levels 
with increases in black body temperature were evident during this time. Increases in 
travel distance with higher temperatures and amounts of solar energy are in agreement 
with the observations of Malechek and Smith (1976). 
While cow BW and BC scores were not affected by changes in environmental 
variables, the negative relationship between solar irradiance and BUN concentrations 
indicate that the physiological status of grazing livestock may be improved during 
periods of high solar energy. Providing an exogenous source of heat to animals 
reduces the amounts they must generate metabolically and allows the use of energy 
otherwise used in thermoregulation to become available for other purposes (NRC, 
1981). 
When cows were fed hay, consumption of feed took place at approximately the 
same time every day. As evidenced by vibracorder charts and personal observations, a 
feeding period of 2-3 h occurred in late morning, regardless of environmental 
conditions. Visual observations during this time showed that cows spent approximately 
55% of their time consuming snow, with the bulk of this occurring immediately 
following feeding, in early to mid-afternoon. Animals ceased utilizing the sole source 217 
of open water in the pasture on approximately December 12; thus, these animals 
existed for more than two months with only snow as a water source, with no apparent 
adverse affects on animal health or performance. Canadian research had shown the 
ability of cattle to use snow (Young and Degen, 1980; Degen and Young, 1990; Young 
and Degen, 1991); however, these studies were done in pens or small pastures. It is 
now apparent that cattle on extensive winter range may effectively use snow as a sole 
source of water. 
Conclusions and Implications 
This study provided a unique opportunity to investigate how animals respond to 
changing from a grazing to a hay-feeding program. Intakes rose dramatically at the 
onset of hay feeding, as animals made use of both the hay and the range forage 
resource; this caused a significant change in digesta kinetics. Over time, however, 
snow accumulation made any grazing impossible. Changes in body weight and 
condition during the study may have been related to advancing stages of gestation and 
not changes in cattle management; these changes did not exert a major impact on 
physiological indicators of stress. Grazing behavior was significantly affected by 
changing periods; hay feeding virtually eliminated travel, and greatly reduced grazing 
(or feeding) time. Snow consumption began in mid-December and proved to be an 
effective source of water for winter range cattle. 
Animal response to environmental variables were dependent on the severity of 
the environmental stress. Intakes were higher at low temperatures during the grazing 
portion of the study, but then became positively associated with temperature during the 
transition and hay-feeding periods. Cows attempted to increase intakes during 
relatively mild environmental conditions early in the study, but as conditions 
deteriorated, energy conservation became the primary focus. During winter, solar 
radiation appeared to be important in stimulating intake and grazing activity, although 
the interaction of radiation, wind and temperature tended to confound the 218 
interpretation of black body temperature. Adverse winter conditions consistently 
reduced forage digestibility, presumably through enhancements in digesta passage and 
kinetics. Grazing behavior was reduced, mainly through inhibitive effects of excessive 
snowfall. Cattle appeared to undergo acclimatization early in the study; as weather 
conditions worsened later in the study, however, increases in thyroid activity indicated 
that animals may have been adjusting to these harsher conditions. The procedure used 
to estimate daily intakes of grazing animals proved to be practical and effective, 
especially in allowing us to observe trends in forage intake. 
This study showed that, in years when adverse winter weather occurs or in 
areas subject to extreme winter conditions, winter grazing may not be a viable grazing 
management plan. When winter grazing is practiced, emergency feeding options need 
to be available for times when grazing is not possible. When environmental stresses are 
not severe, acclimated animals may increase grazing activity in response to adverse 
conditions; however, if these stresses are prolonged or become quite severe, grazing 
activity and intakes can decline as animals conserve energy in an effort to maintain 
homeothermy. In these situations, hay feeding will become necessary. Environmental 
conditions impact animal nutritional, behavioral and physiological responses to a 
greater extent than types of livestock management plans. 219 
Table 7. Chemical composition' of supplement, grazed forage and hay fed 
to beef cows winter razin northern Great Basin ran:elands. 
Item  DM  OM  CP  NDF  ADF  ADL  IADF  OMD 
Supplement  95.08  96.26  23.94  14.19  9.08  3.13  4.64  84.46 
Grazed forage  92.00  82.41  6.39  83.02  54.18  10.78  48.66  41.94 
(period 1) 
Hay samples:b 
12/9 - 12/14  95.66  94.45  5.15  69.55  43.74  5.39  21.68  54.24 
12/15 - 12/21  96.15  92.96  5.83  72.49  44.15  5.81  22.23  53.34 
12/22 - 12/28  95.59  93.44  6.45  69.73  41.76  5.42  20.84  55.21 
12/29 - 1/4  95.29  92.82  6.36  69.72  42.61  5.59  21.06  53.93 
1/5 - 1/11  95.27  94.14  5.10  70.17  45.90  5.95  22.41  55.36 
1/12 - 1/18  95.68  93.65  5.87  69.18  42.82  5.45  21.73  55.20 
1/19 - 1/25  95.57  94.06  5.73  70.20  42.86  5.36  20.77  55.46 
1/26 - 2/1  95.50  93.85  5.80  69.44  43.46  5.62  21.68  55.35 
2/2 - 2/8  95.83  93.55  5.95  69.93  43.18  6.14  22.45  55.49 
2/9 - 2/15  94.91  92.83  6.31  70.51  43.92  5.43  23.62  53.40 
2/16 - 2/22  94.50  92.58  7.18  71.44  43.37  5.29  20.75  54.70 
'Chemical composition expressed on a percent OM basis. 
bGrass straw hay fed ad libitum. Hay fed from 12/9 through 12/28 is considered period 2, while hay fed 
after 12/28 is considered period 3. 220 
Table 8. Effect of feeding period on estimates of nutritional, behavioral, 
physiological and performance parameters of beef cattle in a northern 
Great Basin winter environment. 
Period' 
Item  1  2  3 SE" 
Daily estimates:
 
Forage OMI, kg/d  6.34`  8.63d  8.00'  .10
 
Forage OMI, % of BW  1.29'  1.72d  1.55°  .10
 
Forage OMD, %  41.92'  54.22d  54.73°  .12
 
Grazing time, h/d  5.86'  6.40d  2.84`  .06
 
Weekly estimates:
 
Cow BW  492.60'  501.82d  514.64'  1.70
 
Cow BC  5.28'  5.19'  4.90d  .03
 
BUN, mg/dl  13.06  12.28  12.73  .33
 
To ng/ml  40.33'  37.14d  42.48°  .80
 
Distance travelled,  4.84'  2.68d  1.29'  .10
 
km/d
 
DM fill, kg  6.21'  7.53d  8.54°  .14
 
IADF fill, kg  3.95'  3.22d  3.72*  .04
 
IADF passage, %/h  3.36'  5.78d  3.98°  .11
 
Ruminal turnover time,  29.76'  17.30d  25.73°  .57
 
h 
'Periods:  1 = grazing (d 1-d 17); 2 = transition from grazing to hay feeding (d 18-d 35); 3 = hay feeding (d 
36-d 92). 
'Standard error of the mean. 
`A'Period effects with different superscripts differ (P<.05). 221 
Table 9. Regression coefficients relating the influence of winter environmental 
variables on forage intake, grazing behavior and physiology of beef cattle 
(Period 1)a. 
Environmental variables" 
Animal  R 0  Temp.  Precip.  RH  Snow  Wind  Kw  Black  SE  le 
response  depth  speed  body 
temp. 
Daily estimates 
Forage  7.58  -.20­ -5.17­ NS'  .28  NS  8.66*  .44**  .75  .2592 
OMI, 
kgd 
Grazing  15.77  NS  -2.33*  -.09  -.35  .26  5.95*  NS  1.26  .3746 
time, 
hod 
Weekly estimates: 
BUN,  -6.23  -2.49  NS  NS  NS  NS  NS  NS  6.16  .0732 
mg dl 
`Period 1 = Nov. 23 to Dec. 8. Grazing only.
 
bTemp. = ambient air temperature, °C; precip. = precipitation received, mm; RH = relative humidity, %;
 
Snow depth, mm; Wind speed, kmh; kw= solar irradiance, kwm2; black body temperature, °C; SE =
 
Standard error.
 
'NS = Environmental variable not included in the model for particular animal response.
 
*P.05.
 
P<.01.
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Table 10. Regression coefficients relating the influence of winter environmental 
variables on beef cattle nutrition and feeding behavior during period 2.' 
Environmental variables' 
Animal 
response 
130  Temp  Precip.  RH  Snow 
depth 
Wind 
speed 
Kw  Black 
body 
temp. 
SE  R2 
Daily estimates: 
Forage 
OMI, 
kgsd 
-8.78  .91**  15.44**  .14  -1.21  -.55  NS'  -.44  1.16  .5324 
Forage 
OMD, 
60.44  -.12  NS  NS  -.80  NS  3.23  .18*"  .58  .3528 
Grazing 
time, 
hcl 
6.77  NS  -4.14'  NS  NS  -.06  NS  NS  .64  .0436 
Weekly estimates: 
Distance 
travelled, 
kmd 
21.58  NS  NS  NS  -2.21  NS  NS  NS  2.14  .5496 
'Period 2 = Dec. 9 to Dec. 27. Includes both hay feeding and grazing; snow consumption also occurring.
 
"Temp. = ambient air temperature, °C; precip. = precipitation received, mm; RH = relative humidity, %;
 
Snow depth, mm; Wind speed, lanh; kw= solar irradiance, kwm2; black body temperature, °C; SE =
 
Standard error.
 
`NS = Environmental variable not included in the model for particular animal response.
 
*13<.05.
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Table 11. Regression coefficients relating the influence of winter environmental 
variables on beef cattle nutrition, behavior, physiology and performance during 
period 3.a 
Environmental variables" 
Animal  IA --o  Temp.  Precip.  RH  Snow  Wind  Kw  Black  SE  R2 
response  depth  speed  body 
temp. 
Daily estimates: 
Forage  6.62  .09­ .76  .03'  -.05­ NS'  NS  -.11­ .27  .0909 
OMI, 
kgid 
Forage  51.20  -.05  -5.38"  .03  .05'  NS  1.77  NS  .54  .1157 
OMD, 
Grazing  4.45  NS  -.69"  -.02"  NS  NS  NS  .02'  .20  .0395 
time, 
hid 
Weekly estimates: 
Distance  1.94  .04­ NS  NS  NS  -.05  1.65'  -.02  .20  .2586 
travelled, 
1=1W 
Cow  519.0  -67.54  NS  NS  NS  NS  NS  NS  22.6  .0114 
BW, kg 
Cow  4.92  NS  NS  NS  NS  NS  NS  .01  .02  .0115 
BC, 
units 
BUN,  14.78  NS  NS  NS  NS  NS  -9.31­ NS  .80  .0430 
mgd1 
T4  3.72  NS  NS  .44­ NS  NS  NS  .51­ 4.56  .0908 
ratio, 
neml 
'Period 3 = Dec. 28 to Feb. 22. Hay feeding only - also snow consumption.
 
"Temp. = ambient air temperature, °C; precip. = precipitation received, mm; RH = relative humidity, %;
 
Snow depth, mm; Wind speed, kmh; kw= solar irradiance, Icwm2; black body temperature, °C; SE =
 
Standard error.
 
'NS = Environmental variable not included in the model for particular animal response.
 
P<.05.  P<.01. 224 
Figure 5. Snowfall accumulations during the winters of 1985-1992 and the winter of 
1992-1993. 80 
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Figure 6. Temperatures occurring during the winters of 1985-1992 and the winter of 
1992-1993. 15
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Figure 7. Patterns of temperature and snow accumulation occurring during the study 
period. Dates are given as Julian days. Grazing occurred from d 327 to d 342; hay 
feeding and grazing occurred from d 343 to d 361, and hay feeding only occurred from 
d 362 to d 53 of 1993. 0 
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Figure 8. Influences of changing feeding periods on forage intake, time spent grazing 
and distance travelled. Dates are given as Julian days. Grazing occurred from d 327 to 
d 342; hay feeding and grazing occurred from d 343 to day 361, and hay feeding only 
occurred from d 362 to d 53 of 1993. Grazing time was not included in period 2 due 
to the confounding effects of snow consumption. 5.96 
4.92 
4.35 
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Abstract 
Effects of early spring grazing of rangeland utilized in a winter grazing program 
in the northern Great Basin were determined in a two-year study. In early to mid-March 
of 1992, five 30 X 50 m sites were selected in a 405 ha, native range pasture, and fenced 
off. Approximately 75 animal unit month's (AUM) of forage (1992) and 125 AUM (1993) 
were removed by cow-calf pairs during the next 30 days. In late October-early November, 
total forage production was estimated from samples clipped from 20 randomly selected m2 
plots on both the inside (ungrazed) and outside (grazed) of each site.  Immediately 
following clipping, diet quality samples were obtained from five esophageally fistulated 
steers, grazing first inside, then outside each site.  Total forage production estimates 
obtained from clipped samples were lower in grazed versus ungrazed sites (P<.05; 167.4 
kg/ha vs. 267.0 kg/ha, respectively) and were elevated by approximately 63% in 1993 vs. 
1992 (P<.05). An increase in CP and ADL concentrations of esophageally collected 
samples existed in previously grazed sites during 1992 (P<.05), but levels were similar 
(P>.10) in 1993. Preconditioning had no effect (P>.10) on any other diet quality variable; 
however, all estimates of diet quality were significantly reduced in 1993 (P<.05). 
Concentrations of CP were greater in grazed vs. ungrazed sites in 1992 (P<.05), but not 
in 1993 (P>.10). Estimates of standing forage quality (obtained from clipped samples), 
while not significantly different (P>.10), showed a tendency to be improved by early spring 
grazing; however, esophageal samples showed no differences. Quality of the available 
forage decreased in 1993 for all variables (P<.05). "Preconditioning" winter range forage 
by early spring grazing reduces the quantity of forage available for winter grazing 
programs, with little or no enhancement of diet quality. In addition, clipped samples may 
inaccurately estimate the quality of diet by failing to account for grazing selectivity. 
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Introduction 
Winter grazing is an alternative grazing management plan currently being 
investigated at the Eastern Oregon Agricultural Research Center. Traditional 
management plans in this area involve cattle grazing native range during the spring and 
summer, before being turned onto native meadows and fed hay during the fall and 
winter. Winter grazing differs in that cattle graze native meadows during fall, then are 
returned to the range for winter. This program may be both economical (Bates et al., 
1990) and beneficial to range condition and productivity (Barrett, 1985). Previous 
winter grazing research has centered on supplementation strategies to optimize animal 
performance and utilization of the range forage resource (DelCurto et al., 1991; 
Brandyberry et al., 1992). Important, potentially limiting factors in winter grazing 
programs include weather conditions, forage quality and the quantity of forage 
available for grazing (Brandyberry et al., 1992). While weather cannot be influenced, 
the potential may exist to improve range forage conditions. Traditionally, pastures 
utilized in winter grazing programs are not grazed during the rest of the year, in order 
to allow forage accumulation for winter grazing.  Diet quality usually declines as 
forage matures, primarily due to increased amounts of fiber and decreased 
concentrations of dietary protein (Ball et al., 1978). Increased lignification and 
reductions in leaf:stem ratio also contribute to declines in forage quality with increasing 
maturity (Van Soest, 1982). Early spring grazing, or "preconditioning," of range 
designated for winter grazing may delay plant phenology, causing nutrients to be 
retained in foliage, rather than being translocated to roots. This could improve diet 
quality, by improving the chemical composition of the aerial part of the plant. Spring 
clipping of bluebunch wheatgrass provided regrowth of higher forage quality than did 
nondefoliated plants (Pitt, 1986). Anderson and Scherzinger (1975) reported that 
spring grazing of bunchgrass range by cattle improved winter range for elk. This 
improvement was determined by the increase in elk numbers on the study site. 
However, spring grazing may impact forage availability, especially in periods of 235 
drought; these changes may have a greater impact on forage conditions than changes in 
diet quality. Therefore, the objectives of this study were to 1) determine effects of 
preconditioning on the quality of winter forage and 2) determine effects of 
preconditioning on the amount of forage available for winter grazing. 
Materials and Methods 
The study was conducted on the Northern Great Basin Experimental Range, 67 
km west of Burns, Oregon, at an elevation of 1400 m. Average annual precipitation is 
277 mm; approximately 60% of this occurs as snow during the fall and winter, with 
only 25% as rain during the growing season. At the time of trial initiation, this region 
was in the seventh consecutive year of below-normal precipitation. This area is typical 
of the high desert, sagebrush-bunchgrass range of the northern Great Basin. In early to 
mid-March of 1992, five 30 X 50 m sites were selected in a 405 ha, native range 
pasture; these sites were excluded from grazing via electric fencing. The same sites 
were used in 1993 and were selected to be representative of the entire pasture. Cow-
calf pairs were turned onto the range at this time and allowed to graze until mid-April. 
In 1992, animals removed approximately 75 animal unit month's (AUM) of forage, 
whereas in 1993, more cattle were grazed, removing approximately 125 AUM's of 
forage. This pasture was utilized in a winter grazing study in 1992-93; approximately 
110 AUM's of dormant forage were removed at this time. Animals were removed 
when it was judged that they had consumed sufficient forage to cause plants to initiate 
regrowth, without excessively grazing individual plants. Following animal removal, no 
further grazing occurred in this pasture until plots were sampled in late October to 
early November. Because our objectives related to the effects of spring grazing on 
available winter forage, sampling was delayed until a hard freeze occurred to ensure 
that plants became dormant. Total forage production was estimated by clipping 20 
randomly selected m2 plots on both the inside (ungrazed) and outside (grazed) of each 
site. Sagebrush was not taken in the clipped plots, to avoid artificially increasing 236 
estimates of forage production. Within three days of clipping, five esophageally 
fistulated steers (avg wt. = 575 kg) were used to obtain diet quality samples. Steers 
first grazed the inside, then the outside of each site for 15-20 minutes, or until a 
representative sample was obtained. Animals were allowed to rest for one to two 
hours between sites, to allow esophageal fistulas to return to normal size. Species 
present in this pasture include Wyoming big sagebrush (Artemisia tridentata subsp. 
wyomingensis), bluebunch wheatgrass (Agropyron spicatum), Sandberg bluegrass (Poa 
sandbergii), needle-and-thread (Stipa comata), Thurber's needlegrass (Stipa 
Thurberiana), cheatgrass (Bromus tectorum) and round-leaved peppergrass (Lepidium 
perfoliatum), an annual forb. 
Laboratory analysis and calculations Weather data were recorded daily at a 
station approximately 1.5 km from the study pasture. Precipitation received from 
September through the following August is reported as growing season precipitation. 
All samples were dried at 55°C in a forced-air oven for 48 h, then ground to pass a 1­
mm screen in a Wiley mill. Clipped samples were dried for 48 h, then weighed for 
estimation of total forage production. Clipped samples were composited within 
treatment and sampling site; all samples were analyzed in duplicate for DM, ash, 
Kjeldahl N (AOAC, 1980) and ADF, NDF and ADL as described by Goering and Van 
Soest (1970). All samples were analyzed for in vitro digestibility as described by Tilley 
and Terry (1963). Rumen fluid was obtained from two steers consuming long-stem 
meadow hay. 
Statistical analysis Data were analyzed as a randomized complete block 
design, with treatment, block and year as the terms in the model. Variables exhibiting a 
significant (P<.05) treatment x year interaction were analyzed within year. If no 
treatment x year interaction (P>.10) occurred, then treatment and year means are 
reported. If treatment and year differences were detected (P<.05), means were 
separated using a Student's t-test (Steel and Torrie, 1980). All data were analyzed 
using the GLM procedure of SAS (1985). 237 
Results 
Growing season precipitation totalled 245 mm for 1991-92; this is 
approximately 88% of the long-term average. This was the seventh straight year of 
below-average precipitation at the Northern Great Basin Experimental Range. 
Temperatures in late winter-early spring were relatively mild; these favorable 
temperatures caused forage to initiate spring growth earlier than normal. Precipitation 
levels at this time were low, however, causing the plants to become dormant relatively 
early in the season (mid-May). 
Environmental conditions changed dramatically in 1992-93. Growing season 
precipitation totalled 523.5 mm, approximately 189% of the long-term average. The 
water year of 1992-93 was the highest on record. Cool, damp weather persisted from 
mid-March until early June; this may have delayed the onset of spring growth, as well 
as prolonging the period of active growth. Precipitation received during the growing 
seasons of 1992 and 1993 are given in Figure 9. Effects of treatment and year on 
forage production and chemical composition are given in Tables 12 and 13, 
respectively, while variables exhibiting a significant treatment x year interaction are 
reported in Table 14. 
Estimates of total forage production and chemical composition obtained from 
clipped samples showed that early spring grazing resulted in a 37% reduction in winter 
forage availability (P<.05). An even more dramatic difference in forage production was 
noted between years. In 1993, 169% more forage was available than in 1992 (118 
kg/ha vs. 317 kg/ha, respectively; P<.05). A treatment x year interaction was evident 
(P<.05) for CP. In 1992, CP levels in ungrazed plots were 21% lower than in grazed 
plots (P<.05); however, treatments had similar CP levels in 1993 (P>.10). Interactions 
between treatment and year were not evident (P>.10) for remaining forage quality 
characteristics from clipped samples. There was a tendency (P=.07) for NDF to be 
higher in ungrazed sites; concentrations of NDF were 17% greater in 1993 (P<.05). 
Early spring grazing had no effect on ADL and ADF content of forage (P>.10); 238 
however, 1993 ADL levels were 20% higher than in 1992 (P<.05), while ADF 
concentrations increased by 9% in 1993 (P<.05). While grazing treatment had no 
effect on IVDMD (P>.10), a year effect was evident, with IVDMD declining by 10% in 
1993 (P<.05). 
Esophageal sampling found ADF, NDF and IVOMD levels to be similar in 
ungrazed and grazed sites (P>.10). Both NDF and ADF concentrations were higher in 
1993 than 1992 (18% and 15% increase, respectively; P<.05), while IVOMD declined 
by 10% from the first to the second year of the study (P<.05). A significant treatment 
x year interaction was evident for both CP and ADL concentrations. Preconditioning 
increased CP concentrations in selected diets by 10% in 1992 (P<.01); grazing 
treatments had similar levels of CP in 1993 (P>.10). A similar pattern existed for ADL 
concentrations. In 1992, ADL was 13% higher in grazed vs. ungrazed sites (P<.05); 
however, early spring grazing had no effect on ADL levels in 1993 (P>.10). 
Discussion 
Forage production was 169% greater in 1993 than in 1992 (317 kg/ha vs. 118 
kg/ha, respectively; P<.05). This dramatic increase can be directly contributed to the 
environmental conditions occurring during the growing season, which were discussed 
earlier. Precipitation totalled 245 mm for the 1991-92 growing season, while in 1992­
93, 523.5 mm were received. Holechek et al. (1989) stated that forage production 
increases rapidly as precipitation increases up to about 500 mm per year. Cool, wet 
conditions stretched into early summer, thereby lengthening the growing season and 
increasing forage production. While temperature and light are extremely important in 
determining the quality and quantity of available forage (Van Soest, 1982), under many 
rangeland conditions, precipitation is the most important factor in determining the 
productivity of vegetation (Holechek et al., 1989). Sneva (1977) found that 
precipitation variates of at least eight consecutive months were significantly and 
positively correlated with mature plant yield. Another factor which may have been 239 
involved in increasing forage yield in 1993 is soil nitrogen. Sneva and Britton (1983) 
attributed reduced productivity in the third of three wet years to the amount of 
available soil nitrogen. Fisher et al. (1987) stated that, while a period of unusually wet 
weather could reduce N availability, drought could increase N availability, with the 
result that in a subsequent wet period N might not be limiting. A succession of dry 
years may have allowed nitrogen to build up in the soil, due to reduced plant growth; 
this nitrogen then would become available to the plant in the presence of abundant soil 
moisture. 
Availability of forage for winter grazing was reduced by approximately 100 
kg/ha (P<.05) by grazing in early spring. Cattle removed an average of 100 AUM's of 
forage in spring; this corresponds to roughly 70 kg/ha of forage. Therefore, the 
difference in forage production cannot be attributed solely to spring removal. In the 
presence of adequate soil moisture, cool-season grasses in this region will initiate 
growth following defoliation during the growing season (Miller et al., 1986; Angell et 
al., 1990; Miller et al., 1990). Forage regrowth in grazed areas accounted for 
approximately 60% of the total forage produced in ungrazed plots. Mayland et al. 
(1992) and Miller et al. (1990) reported similar results for crested wheatgrass clipped in 
early May. Opportunities for forage regrowth in the northern Great Basin are limited 
by a short growing season and frequently low levels of precipitation during the growing 
season; thus, any amount of grazing would be expected to reduce the amount of 
forage available later in the year.. 
Year of grazing greatly influenced the chemical composition of selected and 
clipped forage. Fiber content of selected diets (NDF and ADF) were increased in 1993 
(P<.05; Table 13); NDF increased by 18%, while ADF content rose by 15%. A 
reduction in OMD of approximately 10% was observed in 1993 (P<.05). As earlier 
noted, CP concentrations of grazed and clipped forage and ADL content of grazed 
forage exhibited significant treatment x year interactions (P<.05); however, these 
components also followed the trend of reduced diet quality in 1993 (Table 14). The 240 
quality of the standing crop forage also decreased dramatically in 1993, a year of 
abundant precipitation (Table 13). In terms of fiber constituents, NDF, ADF and ADL 
were all higher in 1993 (P<.05). In vitro DMD was reduced by 10% in 1993 (P<.05), 
while CP content also appeared to be lower in the second year of the study (Table 14). 
Increased amounts of precipitation received during the 1992-93 growing season 
promoted plant growth and increased the amount of available forage. Under these 
favorable growing conditions, plants may have more carbohydrates and other nutrients 
to direct toward reproduction. In a year of favorable growth conditions, a higher 
proportion of apical meristems may be differentiated to reproductive status (Hyder and 
Sneva, 1963). The increase in reproductive stems would cause an increase in the 
stem:leaf ratio. Leaves of plants are generally of higher quality than are stems, due to 
elevated levels of CP and cell solubles and reduced levels of fiber and lignin (Cook and 
Harris, 1950). Declines in forage quality with advancing forage maturity are caused, in 
part, by higher levels of fiber (Ball et al., 1978). Increases in plant leaf and stem 
growth would elevate the total amount of fiber in the plant. At maturity, these high 
levels of fiber would contribute to reduced digestibility of the forage. Higher levels of 
precipitation occurring after the onset of dormancy in 1993 may also have caused some 
leaching of soluble nutrients (Holechek et al., 1989). Thus, while forage quantity was 
greatly enhanced by the favorable growing conditions occurring in 1993, forage quality 
was reduced. This reduction was great enough that grazing animals could not enhance 
the quality of their diet, despite improved forage availability. 
The objective of preconditioning is not to increase forage production, but to 
increase the quality of the available forage. The forage quality of the standing crop 
(determined via clipped samples) appeared to be improved by early spring grazing. 
Concentration of CP exhibited a significant treatment x year interaction (P<.05). In 
1992, CP was higher in grazed sites (P<.05; Table 14); however, levels were similar in 
1993 (P>.10). Other forage quality estimates, while not significant (Table 12), showed 
tendencies to be improved by preconditioning; these results are similar to those of Pitt 241 
(1986) and follow the hypotheses of Anderson and Scherzinger (1975). One of the 
principles outlined by Anderson and Scherzinger (1975) involving spring grazing for 
improved winter forage is proper grazing pressure. Enough pressure must be applied 
to "top-off' the pastures, yet leave an adequate volume of forage in order to allow for 
diet selection.  However, major reductions in forage quantity can reduce diet quality by 
forcing animals to consume plants or plant parts that normally would not be selected, 
such as sagebrush twigs (Brandyberry et al., 1992); therefore, if forage quantity is 
reduced, forage quality must be increased in order to compensate and make the 
practice of preconditioning a practical alternative. Preconditioning did appear to 
enhance the quality of standing forage; however, the chemical composition of forage 
obtained by clipping is seldom the same as forage selected by the grazing animal, due to 
the ability of the animal to selectively graze (Hardison et al., 1954). Both CP and ADL 
concentrations exhibited a significant (P<.05) treatment x year interaction. Levels of 
CP and ADL were higher in grazed sites in 1992 (P<.05; Table 14); however, in 1993, 
treatments were similar (P>.10). All other diet quality measurements were not affected 
by grazing treatment (P<.10). Thus, preconditioning did not appear to enhance the 
quality of diet selected. Pitt (1986) reported that clipping bluebunch wheatgrass during 
spring growth delayed phenological development until later in the season. Regrowth 
following clipping was higher in CP and lower in ADF than nondefoliated plants. 
Water stress tends to retard plant development and maturity. The plant remains in a 
more vegetative state and digestibility is somewhat increased, although dry matter 
yields are somewhat reduced (Van Soest, 1982). Anderson and Scherzinger (1975) 
made the following suppositions, based on the ideas of Salisbury and Ross (1969): 
1) Termination of growth at an immature stage due to heat or drought stops or greatly 
reduces translocation, thereby fixing the nutritional quality of green foliage in the 
mature forage. 
2) Termination of growth due to heat or drought increases the palatability of foliage 
through the conversion of starch to sugars. 242 
3) Young-tissue regrowth following grazing may grow a bit longer into the hot dry 
season, thereby increasing the volume of nutritious forage. 
4) Autumn production of green forage, when it occurs, may be more reliable and 
longer lasting in plants that acquired drought hardiness - therefore, frost hardiness ­
through a reduced water supply while in an immature stage of growth. 
Thus, the grazed sites would be expected to be of higher quality, since grazing would 
delay plant phenology, causing plants to remain in a vegetative state until summer heat 
and dry conditions terminated growth. However, spring grazing did not improve diet 
quality. Adapted perennial plants in desert regions may revert to dormancy in a dry 
year (such as 1992), pulling reserves into the roots and leaving an aerial part of lower 
nutritive value (Van Soest, 1982). Very low levels of moisture due to several 
successive dry years may have terminated growth following spring grazing in 1992, 
causing plants in both treatments to be in the same physiological state during 
dormancy. Increased forage production in 1993 may have caused some plants to 
remain ungrazed and become reproductive. This increases the stem:leaf ratio, increases 
the amount of plant cell wall, and decreases diet quality when compared to less mature, 
higher quality vegetative material (Van Soest, 1982). However, the principle factor 
contributing to diet quality in this study may have been forage quantity. Since twice as 
much forage was available on ungrazed sites, a greater opportunity may have existed 
for animals to select a high-quality diet. Lofgreen et al. (1956) reported increased 
TDN values due to selective grazing and suggested that selective grazing may be more 
pronounced with mature than with immature forage. Additional work by Lofgreen et 
al. (1956) indicated that the net energy of the TDN in forage selected by grazing steers 
may be greater than that of the TDN in harvested fresh forage. An increased 
opportunity to selectively graze should, therefore, lead to improvements in diet quality. 
These results contrast with those of Anderson and Scherzinger (1975). These authors 
reported that early spring grazing increased the number of elk utilizing winter range. 
However, a southeastern Washington study showed that spring grazing by cattle 243 
reduced winter elk use compared to areas ungrazed by cattle (Skov lin et al., 1983), 
indicating that factors other than forage quality, such as improvements in grazing and 
range management and control of livestock may have contributed to increased elk use 
of rangelands. Following these improvements, elk numbers may have increased on 
non-preconditioned ranges; this was not investigated. The particular area of 
northeastern Oregon included in Anderson and Scherzinger's (1975) study also receives 
approximately 40% more precipitation than does the Northern Great Basin 
Experimental Range. The limited precipitation and short growing season may 
adversely affect the plant's response to early season grazing. 
Differences in chemical composition of grazed and clipped forage indicate the 
ability of animals to selectively graze. Use of esophageally fistulated animals has been 
shown to be an accurate and effective method of estimating forage quality (Torell, 
1954; Bath et al., 1956). More recently, Olson (1991) concluded that the ruminal 
evacuation technique provided satisfactory estimates of diet quality. Increased 
amounts of available forage on ungrazed sites may have provided animals with more 
opportunities to selectively graze. If forage quantities (and therefore selection 
opportunities) were similar under both grazing procedures, preconditioning should 
improve diet quality, due to the enhancement of quality in the standing crop. However, 
in this study, improving the animal's opportunity for selective grazing appeared to 
counteract any benefit of improved forage quality. In order to accurately reflect the 
animal's ability to selectively graze, either esophageal or ruminal collection techniques 
should be used for determining diet quality. 244 
Conclusions and Implications 
Preconditioning appeared to slightly enhance the quality of the standing forage 
crop. However, grazing exclusion during the spring increases the total amount of 
forage available, thereby improving the ability of the animal to selectively graze; this 
can negate any benefit of enhanced forage quality. For either livestock or big game 
winter range in the high desert sagebrush-bunchgrass rangelands of the northern Great 
Basin, spring grazing exclusion may improve performance and nutrition by providing an 
increased opportunity for diet selection, rather than attempting to improve forage 
quality. In addition, clipped samples may inaccurately estimate the quality of diet by 
failing to account for grazing selectivity. 245 
Table 12. Effect of treatment on forage production and chemical composition' of 
winter forage following deferred or spring grazing on northern Great Basin 
rangelands. 
Clipped samples  Esophageal samples 
Item  Ungrazedb  Grazed  SE  P-value  Ungrazed Grazed  SE  P-value 
Total  267.00  167.40  13.45  <.01 
Forage 
(kg/ha) 
NDF  77.17  75.21  .70  .07  78.00  77.94  .33  .90 
ADF  56.61  54.63  .84  .12  60.40  59.81  .47  .37 
ADLc  6.35  6.21  .24  .69 
IVOMD  62.86  62.38  .49  .49 
IVDMD  46.88  48.74  1.16  .28 
`Chemical composition expressed on a percent OM basis.
 
bUngrazed = grazing deferred until winter. Grazed = spring grazing.
 
`A significant (P<.05) treatment x year interaction was evident for ADL concentrations in esophageal
 
samples.
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Table 13. Effect of year on forage production and chemical compositionaof winter 
forage following deferred or spring grazing on northern Great Basin rangelands. 
Clipped samples  Esophageal samples 
Item  1992  1993  SE  P-value  1992  1993  SE  P-value 
Total  117.77  316.64  13.45  <.01 
Forage 
(kg/ha) 
NDF  69.21  83.17  .70  <.01  70.45  85.50  .33  <.01 
ADF  52.85  58.39  .84  <.01  55.30  64.91  .47  <.01 
ADO  5.56  6.99  .24  <.01 
IVOMD  65.86  59.38  .48  <.01 
IVDMD  50.26  45.37  1.16  .01 
'Chemical composition expressed on a percent OM basis. 
bA significant (P<.05) treatment x year interaction was evident for ADL concentrations in esophageal 
samples. 
Table 14. Influence of grazing treatment and year on chemical compositionaof winter 
forage following deferred or spring grazing on northern Great Basin rangelandsb. 
1992  1993 
Item  Ungrazed`  Grazed  SE  P-value  Ungrazed  Grazed  SE  P-value 
Clipped samples: 
CP  7.48  9.48  .54  .05  2.08  2.12  .11  .81 
Esophageal samples: 
CP  7.64  8.43  .20  <.01  3.23  3.15  .10  .59 
ADL  6.03  6.96  .26  .01  7.83  7.70 
'Chemical composition expressed on a percent OM basis. 
bA significant (P<.05) treatment x year interaction was evident for these variables. 
cUngrazed = grazing deferred until winter. Grazed = spring grazing. 
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Figure 9. Precipitation received during the growing seasons (September through 
August) of 1991-1992 and 1992-1993, as well as the 40-year average. mm
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Chapter 7. Summary and General Discussion 
In the first of the four research projects which comprised my Ph.D. program, 
we determined that forage quality will vary across the growing season. Specifically, 
diet quality was high early in the spring, then declined as the season progressed, 
reaching its lowest level in late summer-early fall. Early in the year, nutrition should 
not be a problem for grazing animals, as forage is of high quality. As the season 
progresses and forage quality declines, however, additional steps need to be taken to 
ensure adequate nutrient intake. Supplemental feeding or moving animals to areas 
where forage quality is still somewhat elevated (such as mountain meadows or higher-
elevation ranges) should help to prevent declines in animal performance. Forage 
quality also varies greatly from year to year, depending (to a large extent) on changes 
in climatic variables such as temperature and precipitation. Fall precipitation may 
promote regrowth; plants then enter the winter dormancy period in a more vegetative 
state (more tillers and leaves), causing forage quality to be higher early in the grazing 
season the following year. Winter precipitation will provide moisture for spring 
growth. Precipitation occurring later in the spring and summer may improve forage 
quality later in the year by allowing for plant regrowth, which is more vegetative and of 
higher quality than dormant forage. Warm late winter-early spring temperatures may 
intiate plant growth earlier than normal, making abundant green feed available early in 
the season. However, dry conditions can cause plants to become dormant early, 
leading to reductions in diet quality later in the year. While high levels of precipitation 
can increase the amount of forage produced, quality may suffer, as the structural 
portions of the plant predominate and plants move into a reproductive, rather than 
vegetative, stage. These environmental effects on forage quality and production offer 
some management implications. Producers and managers may be able to alter their 
grazing strategy from year to year to make the best use of the available forage. For 
example, if abundant fall and winter precipitation occurs, producers may be able to turn 250 
out their animals to graze earlier than normal, since the dormant forage remaining from 
the previous fall is of high quality, and new spring growth will be present. By 
understanding the effect of the environment on plant production and forage quality, 
producers may be better able to time their periods of grazing to coincide with periods 
of higher forage quality. 
In a winter grazing program, supplemental feeding is essential, since animals are 
grazing a low-quality forage. However, supplementation increases the costs associated 
with wintering animals, and therefore should be kept as low as possible. Alfalfa hay is 
the most available and economical source of supplemental protein in this area. In our 
study, pelleting alfalfa did not improve animal performance or forage utilization when 
compared to long-stem alfalfa hay; thus, the additional cost associated with pelleting 
alfalfa was not justified. In addition, reducing the frequency of supplementation had no 
effect, and offered the benefit of reducing labor and travel costs. Thus, feeding alfalfa 
hay on an alternate-day basis may be the most beneficial supplementation program on 
winter range in the northern Great Basin, from both an animal performance and 
economic standpoint. An additional observation obtained from this study was the 
potential for the winter environment to negatively impact animal performance in a 
winter grazing program. As the winter progressed, animal performance, forage intake, 
digestibility and grazing behavior all declined in response to reduced forage availability 
and diet quality. Several successive years of drought, coupled with snow cover, 
contributed to this change. Factors such as forage availability and winter weather 
conditions should be considered when developing a winter grazing program. If the 
potential for severe winter weather is high, or if forage conditions are poor, then 
perhaps winter grazing may not be the most appropriate management practice. 
In our third study, we set out to evaluate how animals respond to changes in the 
winter environment. Heavy snow cover forced feeding of a low-quality hay for all but 
17 days of the study. Once hay feeding was begun, forage intake and digestibility 
values increased. Some grazing took place at the same time as hay feeding; increasing 251 
snow depths eventually caused this grazing activity to cease. Feeding hay dramatically 
reduced grazing activity. During mild winter stress, cows appeared to increase intakes 
in an effort to increase the energy available for heat production. As environmental 
conditions worsened, cows began to reduce intakes during periods of adverse 
conditions; this may have been a method of conserving energy for heat production. 
Solar radiation appeared to positively influence animal response, in terms of increasing 
grazing activity, intakes and digestibility. Cows also consumed snow as a sole source 
of water for >2 months with no adverse effects on health or performance. Results from 
this study offer many management implications. When developing a winter grazing 
program, the potential for severe winter weather must be considered. In areas where 
severe winter weather is common, winter grazing may not be a viable management 
plan. Where it is practiced, an emergency feed source must be available, in case forage 
availability becomes too restricted. When animals are fed hay, their intakes will 
increase; however, grazing activity will decline. Animals which are adapted or 
acclimated to winter conditions may not be affected by relatively mild degrees of cold 
stress. However, when weather conditions become extreme, animals may reduce 
grazing or feeding activity in an effort to conserve energy for production of heat and 
maintenance of body temperature. Producers may alter their management strategies in 
anticipation of winter conditions. For example, if a severe winter storm is forecast, 
producers may need to get supplemental hay ready for feeding, since animal grazing 
activity may be reduced at these times. When milder winter weather is anticipated, 
simply providing a protein supplement and ensuring that water is available may be all 
that is needed. 
In some areas, spring grazing may improve winter forage quality; however, in 
the high desert of southeastern Oregon, arid conditions may limit the amount of forage 
regrowth which can occur. In these instances, forage quantity may be as important as 
forage quality. Early spring grazing did not appear to enhance the quality of diet 
selected by esophageal steers, even though standing forage quality did appear to be 252 
improved by preconditioning. Providing more forage improves the animal's ability to 
selectively graze and obtain a higher quality diet; this may counteract any observed 
improvements in standing forage quality. In addition, increasing the amount of forage 
available may offer other advantages. During periods of snow cover, forage availability 
may not be as limiting if spring grazing is excluded. On arid sagebrush-bunchgrass 
rangelands in the northern Great Basin, livestock producers practicing winter grazing 
may benefit from excluding grazing on these ranges during the growing season, 
choosing instead to stockpile forage for winter. 
In conclusion, it is hoped that these studies will provide insights and 
information on beef cattle grazing in the northern Great Basin, especially in regards to 
winter grazing. The information obtained from these studies may be useful to 
producers as they develop grazing programs and strategies to meet the increased 
challenges of livestock production in the West. 253 
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List of Acceptable Abbreviations Used in the Journal of Animal Science 
Physical Units:  Prefixes:
 
Bq  Becquerel  G giga- (x 109)
 
°C  degree Celsius  M mega- (x 106)
 
cal  calorie  k  kilo- (x 103)
 
Ci  Curie  d  deci- (x 104)
 
Da  Dalton  c  centi- (x 10-2)
 
dpm  disintigrations/minute  m milli- (x 10-i)
 
Eq  equivalent  u  micro- (x 101
 
gram  n  nano- (x 10-9) g 
ha  hectare  p  pico- (x 10-12) 
Hz  hertz  f  femto- (x 10-15) 
IU  international unit 
J  Joule  Units of time: 
L  Liter  s  second 
lx  lux  min  minute 
m  meter  h  hour 
M  molar (concentration)  d  day 
mol  mole  wk  week 
N  normal (concentration)  mo  month 
Pa  pascal  yr  year 
ppb  parts/billion parts 
ppm  parts/million parts 
t  metric ton (1,000 kg) 
V  volt 
W  watt 
Others: 
ACTH  adrenocorticotropic hormone  BLUP best linear unbiased 
ADF  acid detergent fiber  prediction 
ADFI  average daily feed intake  by  base pair 
ADG  average daily gain  BSA bovine serum albumin 
ADIN  acid detergent insoluble nitrogen  BW  body weight 
ADL  acid detergent lignin  Co-EDTA  cobalt 
ADP  adenosine diphosphate  ethylenediaminetetraacetate 
AI  artificial insemination  CP  crude protein 
AIA  acid insoluble ash  CV  coefficient of 
ANOVA  analysis of variance  variation 
ARS  Agricultural Research Service  DE  digestible energy 
ATP  adenosine triphosphate  DEAE (dimethylamino)ethyl 
avg  average  df  degree(s) of freedom 298 
List of Acceptable Abbreviations Used in the 
Others (continued):  (continued) 
DFD  dark, firm and dry 
DM  dry matter 
DMI  dry matter intake 
DNA deoxyribonucleic acid 
EBV estimated breeding value 
EDTA ethylenediaminetetraacetic acid 
EFA  essential fatty acid 
e.g.,  for example 
ELISA  enzyme-linked immunosorbent assay 
EPD  estimated progeny difference 
et al.  et alia 
etc.  et cetera 
Exp.  experiment 
F  F distribution 
FSH  follicle-stimulating hormone 
g  gravity 
GE  gross energy 
GLC  gas-liquid chromatography 
GLM general linear model 
GnRH gonadotropin-releasing hormone 
hCG human chorionic gonadotropin 
HEPES  N-(2-hydroxyethyl)piperazine­
N'-2-ethanesulfonic acid 
HPLC high performance (pressure) 
liquid chromatography 
i.d.  inside diameter 
i.e.  that is 
IGF  insulin-like growth factor 
i.m.  intramuscular(ly) 
i.p.  intraperitoneal(ly) 
i.v.  intravenous(ly) 
IVDMD  in vitro dry matter 
disappearance 
LD50  lethal dose 50% 
LH  luteinizing hormone 
LHRH  luteinizing hormone-
releasing hormone 
LSD  least significant difference 
n  sample size 
ME  metabolizable energy 
Journal of Animal Science 
NDF  neutral detergent fiber 
NE  net energy 
NEg  net energy for gain 
NE,  net energy for 
lactation 
NE,n  net energy for 
maintenance 
No.  number 
o.d.  outside diameter 
OM  organic matter 
P  probability 
PAGE  polyacrylamide gel 
electrophoresis 
PBS  phosphate-buffered 
saline 
PMSG  pregnant mare's 
serum gonadotropin 
PSE  pale, soft and 
exudative 
r  simple correlation 
coefficient 
r2  simple coefficient of 
determination 
R  multiple correlation 
coefficient 
R2  multiple coefficient 
of determination 
REML  restricted maximum 
likelihood 
RIA  radioimmunoassay 
RNA  ribonucleic acid 
rpm  revolutions/minute 
s
2  sample variance 
s.c.  subcutaneous(ly) 
SD  standard deviation 
SDS  sodium dodecyl 
sulfate 
SE  standard error 
SEM  standard error of the 
mean 299 
x 
List of Acceptable Abbreviations Used in the Journal of Animal Science 
(continued) 
Others (continued): 
Sp., spp.  one species, several species 
t  t- (or Student) distribution 
TDN total digestible nutrients 
TLC  thin layer chromatography 
Tris  tris(hydroxymethyl)aminomethane 
USDA U.S. Department of 
Agriculture 
UV  ultraviolet 
VFA volatile fatty acid 
vol  volume 
vol/vol  volume/volume 
vs  versus 
wt  weight 
wt/vol weight/volume 
wt/wt weight/weight 
multiplied by or crossed with 
p  population mean 300 
Description of procedures and calculations used in sample analysis and data 
reporting 
Diet quality estimates: 
ADL, % OM = ((dry residue remaining after acid treatment, g - ash, g) OM wt., g) x 
100. 
NDF, % OM=((residue remaining following extraction and drying, g) - pan and paper wt., 
g) OM wt., g) x 100. 
ADF, % OM= ((residue remaining after ADF extraction and drying, g)-crucible wt., g) 
OM wt., g) x 100. 
CP, % OM = ((1.401 x .1 x 6.25 ± OM wt., g) x (ml titrant - blank)) x 100 wherer 
1.401=atomic wt. of N, .1=molarity of acid (HC1), 6.25 = conversion factor (most proteins 
contain around 16% N; 100 ± 16 = 6.25), titrant=.1 N HC1 and blank= catalyst. 
ADIN, % of total N = ((1.401 x .1) ÷ OM wt., g) x (ml titrant-blank) x 100. Similar to 
CP analysis except that blank also includes a sample of filter paper from ADF analysis (no 
sample). 
In vitro OM digestibility (OMD), % = ((OM wt., g - (ash residue wt. following Tilley and 
Terry two-stage digestion (48 h incubation, followed by 48 h acid pepsin digestion)- blank 
wt., g) OM wt., g) x 100. 
Indigestible ADF (IADF), % DM = (((dry residue wt., g following IADF procedure - OM 
residue wt., g) - average blank value, g) ± DM wt., g) x 100. IADF, % OM = (IADF, g 
DM ± % OM) x 100. 
DM fill, kg = contents of rumen following evacuations, kg x % DM of ruminal contents. 
IADF fill, kg = contents of rumen following evacuations, kg x % IADF of ruminal 
contents. 
IADF passage rate, %/h = (IADF intake, kg/d  IADF fill, kg) ± 24 h/d. 
Ruminal turnover time, h = 1 ± passage rate. 301 
Description of procedures and calculations used in sample analysis and data 
reporting (continued) 
Fecal output from supplement, kg/d = ((supplement intake, kg/d - (supplement intake, kg/d 
x supplement OMD, %). 
Fecal output from forage, kg/d = total fecal output, kg/d - fecal output from supplement, 
kg/d. 
Forage intake, kg/d = fecal output from forage, kg/d + forage indigestibility (1 - OMD). 
Total intake, kg/d = forage intake, kg/d + supplement intake, kg/d. 
Forage digestibility, % OM = ((forage intake, kg/d - fecal output from forage, kg/d) + 
forage intake, kg/d) x 100. 
Total digestibility, kg/d = ((total intake, kg/d - total fecal output, kg/d) + total intake, 
kg/d) x 100. 
NDF intake, kg/d = (forage intake, kg/d x % NDF in forage) + (supplement intake, kg/d 
x % NDF in supplement). 
NDF digestibility, % OM = NDF intake, kg/d - (fecal output, kg/d x % NDF in feces) + 
NDF intake, kg/d. 
Fecal OM output, kg/d = ((indigestible marker administered, mg/d) + marker recovered 
in feces, mg/mg OM) + 1000. 
Marker administered (chromic oxide, Cr203; mg/d) = 1029.74 mg/d and 1183.68 mg/d Cr 
from continuous-release boluses in first winter grazing trial (see page 204). 
Marker recovery measured in ppm, which are converted to mg by dividing by 1000. 
Regression analysis of standard marker concentrations (ppm) and atomic absorption 
spectrophotometry absorbance values yields a regression equation describing the 
relationship between the absorbance and the concentration of the marker. PPM is then 
calculated as 1 + ((coefficient for slope + coefficient for intercept) + absorbance values). Description of procedures and calculations used in sample analysis and data 
reporting (continued) 
During second winter grazing trial (see page 235), 2 g of Cr2O3 (1368 mg Cr) was fed in 
2 kg of a protein: concentrate supplement. Fecal samples were taken daily. Estimates of 
daily forage intake were made using that day's estimate of fecal output and an estimate of 
forage digestibility derived from esophageal samples taken during the grazing period and 
weekly composites of hay cores taken during hay feeding. 
Forage intake (day y) = fecal output (day y) ± (1-0MD of hay sample taken during week 
containing day y). Esophageal samples taken during early December served as estimates 
of digestibility for the 17 days in which animals consumed only range forage. 
Visual observations of animals were made on two consecutive days of every other week, 
beginning in early January. The times when 6 randomly selected cows were consuming 
hay or snow were noted.  Observations began when animals were released from the 
handling facility to graze until darkness prohibited further observation. The purpose 
behind these observations was to determine how much of the time indicated as grazing on 
vibracorder charts was actually due to consumption of snow. It was concluded that cows 
spent approximately 45% of time indicated as grazing in the actual consumption of hay; 
the remaining 55% of the time, cows consumed snow. Animals were released from the 
facility at approximately 1000 to 1030 hours each day; hay consumption occurred from 
this time until approximately 1300 to 1345 h. The remainder of the day was spent either 
by loafing or by consuming snow. Grazing time estimates during period 3 (hay-feeding 
period) of this particular study were adjusted for snow eating. Cows did not travel to 
open water from December 12 until February 22; therefore, snow consumption was 
occurring in period 2. However, some grazing was also occurring, and it was not possible 
to seperate snow consumption effects from grazing during this time. 